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to be solved before jet aircraft could operate from the commercial airfields | 7 
of the world. Ideas exchanged at that time accelerated the work which has ¥ 7 
provided, and is providing, new necessary facilities. To chart the gains 
_ made, and permit open appraisal of experience gained in the two years that _ ie 
have sped by since the first conference, this second “Jet Age” Conference was 
Be with special care, and conducted in such a manner as to” encourage = &g 
the presentation of new and thought provoking ideas. Every encouragement G 
was given to discussion, some of which is recorded inthis volume. - 
‘The object of all this is to effect the exchange of iermadann. 14 is believed 
; ‘that the process of assembling informed representatives of the aircraft manu- 
facturers, the airline operators, the airport operators, airport designers i 
planners, equipment and material manufacturers, and federal agencies does ran 
. facilitate such exchange. Thus, the invitation to attend and participate was 
extended “to those who, directly or indirectly, are concerned with the pro - 
_ vision and operation of facilities to serve high- -speed, high-capacity aircraft 
Ee This record will carry such accumulated information to many who = 


- not accept the « opportunity to attend. "Attention is directed also to the May 

a 1959, issue of CIVIL ENGINEERING which was devoted to “Jet Airport C Con- 

= was in with | this conference. nce. 
i 


7 Note: Discussion open en until December 1, 1959. To “extend the closing date one month, an 
a written request must be filed with the Executive Secretary, ASCE. Paper 2100 is J 
part of the copyrighted Journal of the Air Transport Division, Proceedings of the ; 


American Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959. aia 
Conference Chairman, Secy., Air Transport Div., ‘Flight 
Facilities,  Amerionn Airlines, New York, N. Y. 
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M. Kyle, Jr.,1 ASCE 


It seems appropriate, in introducing the 2nd Jet Age Airport Conference, 
‘* call attention to the role being played by the Air Transport Division a 
ASCE. This division was authorized, upon petition of over one hundred — 
_ members of the Society, with a twofold purpose: “the advancement ofthe 


"science of Civil Engineering as related to the administration, economics, plan-_ 4 


ning, design, , construction, operation, and maintenance of civil and military 
- aixports and airways; the professional improvement of civil engineers inter- 
ested in air transport and related work” 
constructive function of the division has been carried forward in 
ferences, sessions at conventions, the work ‘ committees and in the en- 
couragement of papers for publication. | It should be emphasized that this di : 


: vision is people, rather than a remote mzchine of some sort that grinds out | 


‘some end these men, acting ‘rom of professional 


“the Shamrock- Hilton Hotel. This conference is 5 men ¥ with ‘ideas, men 
_ men assuming responsibilities, men participating. For the record, such men 
were brought together by the cooperation of the Air Transport Division, the e 

- Houston Branch of ASCE, the Airport Operators’ Council and the Air Trans-_ 


"port Association. The following accepted chairmanships: 


General Chairman: Reginald J. Suthe rland ee 


Honorary Chairman: Mason G. Lockwood a 
Arrangements Chairman: Herbert M. Shilstone 

Program Chairman: John Hugh Jones 
Publications Chairman: Max Weinroth 
Promotion Attendance: F. Wendell Beard 

‘Division Chairman: John M. ‘Kyle, Jr. 

Houston Branch President: Robert M. 
: Robert M. Collie 


‘Note: Discussion open until December 1, 1959. To extend the iain date one month, 

a written request must be filed with the Executive Secretary, ASCE. Paper 2101 is 

a B; part of the copyrighted Journal of the Air Transport Division, Proceedings | of the 
a is American | Society of Civil Engineers, Vol. 85 » No. AT AT 3, July, 1 (1959. 


Chmn., Air Transport Div., Chf. Port of New York Authority, 
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First, it is wise to define 2 an air center, for for the terminology is new. An air 4 
- center is an area for the operation of aircraft having vertical or short landing © i 
and take-off characteristics. This landing area has been known for years as m9 
a heliport and, for the present, it is used principally by the helicopter. This 
- will not be so in the future, as the air center will be used by steep gradient — 
aircraft of several types. The size, shape, weight and operational re- 
_ quirements of these aircrafts are of major interest to city planners, archi- 
tects of structures which may be utilized for air centers and certainly the 


engineer who will design the facility, 
_ The mission of the Air Center Committee is to keep the civil engineering - 


profession currently informed on present and long range operational aspects _ 
of there steep gradient aircraft and the ground facilities which will affect a 
establishment and/or use of landing areas. = 
‘The, Air Center Committee realizes that to be of real assistance to the 
engineering profession, it will have to report the long range picture of future 
aircraft and also acquaint the aircraft manufacturer with the practical limi- 7 
tation of space and structures in urban areas where city air centers must be — - 
~ located if the flight characteristics of these aircraft are to be utilized. If the D 
= air space and landing area have not been reserved, you cannot utilize the air- 
craft and if you do not have the aircraft there is no need to reserve the space. 
The aircraft manufacturer and the city planning engineer must work together 45 


to develop a practical answer for both the flying machine and the <qeeaeen 


_ VTOL - STOL AIRCRAFT 
of the Air Division 
William C. Borland, M. 


area required for its use. 
= ‘The members rs of the Air Center Committee are | as follows: arg 
part of the copyrighted Journal of the Air Transport Division, Proceedings of the | 


Joseph Mashman, Director, Sales Planning, Bell Helicopter Corp. 
iver 
Tae Discussion c open until ali 1, 1959. To extend the closing date o one month, 
American Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959. > eee vr 
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Stuart, Il, Manager, Operations Research D Dept., Advanced 


al 
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Research Division, Hiller Helicopters 
Howard G. Law, LaGuardia Air Center District Office, Federal Aviatior = 

— David B. Parker, Asst. Chief of Transportation, Research and Develop- s£ 


‘ment, Department of the Army 


Donald M. Thompson, Technical Director, Aviation Research and De- 
velopment, Office Chief of Transportation, Department of the Arm 


y 
Ss. Angstadt, Chicago Helicopter Airways, —— 


Herbert Howell, Chief Washington International Airport Division, 
Federal Aviation Agency 


William C. Borland, Coordinator of Engineering, Port York 


gentlemen ‘represent the manufacturer, operator regulatory 


_ agencies in order for the committee to appraise the problems of establishing 


air centers with the interest of all parties in mind. 
_ The projects presently under study by the committee are as follows: 


QO 


rational characteristics s of future helicopters. 
ee 2. Operational c characteristics of f future VTOL and STOL aircraft. — 
3. Aerial highway to urban air centers. 


_ 4, Design criteria for elevated landing area. pare 


: of the committee, or better, each individual ‘member of the ‘committee does 

7 not indorse completely the following report. The report does express an ap- 
praisal of what will happen in the > next 1 10 to 15 years in the development c of 
vertical and steep gradient aircraft. 
The present aircraft terminology of helicopters, VTOL, ST STOL con- 
vector type aircraft must be extremely confusing. — It is even getting difficult ie 
today to define a helicopter because so m many hybrids : are being developed. a t 
‘The immediate future will see many more. To simplify the terminology of — 

: - this paper, all aircraft that would utilize an air center as urban aircraft w via 
_ Reviewing the development of tranaport aircraft - for the past 50 y years ré re- ee 
- veals some interesting information. Certain constants that have remained for — 
years in the design of transport airc rcraft will be utilized to develop the aia 
retical U-X-75. The first and only real constant that industry has had is th 
_ physical dimensions of a human being. To get a start on developing the = 
urban aircraft some assumptions a are necessary. The first of these will be a. 7 

- that it will carry 60 people with limited room for baggage and mail. The area a 
required to seat 60 people in a conveyance is roughly 500 square feet. ~Doub-— ; 

ling this area or 1 ,C00 square feet will provide room for not only engines but 

also a cockpit, baggage, instruments and airstreaming the box but does not _ 

_ cover the area for external appedages required for lift or control such as 7 
wings. The shape of the aircraft could be a circle, square, a >, a rectangle of | 
varying dimensions or a triangle of many configurations. ‘The fuselage of =) 
transport aircraft, have and still do, resemble a thick cigar. We will make 
use ¢ of this second constant to place ‘some dimensions on on our 1,000 square foot 
aircraft. As the thin rectangle makes calculations easy let us use the con- _ 
figuration. _ For the present the height of the fuselage will be the same for all 

aircraft. Using aircraft asa the width of the fuselage 


— pa 
tl 
{ 
2 
4 
&g 
4 
a 


would be about ‘ten feet and thevaieee « using A 000 s ) square feet as the 2 area of 
the fuselage the length would be 100 feet. It appears reasonable that rotor a 
blades, control surfaces, wings and other appendages would not exceed the © 
greatest di dimension of the machine 

The area that one aircraft would oc occupy would therefore be a circle having 
a diameter of 100 feet. In other words the future urhas aircraft would fit into 
circle 100 feet in diameter regardless of shape. ‘To proper 


‘aoa be provided on all sides of the aircraft. The diameter of the circle 
_ thus becomes 140 feet. For the want of a better term, this will be termed the | 
operating perimeter of the future urban aircraft. Thus the cigar shaped i / 
E machine with conventional rotors can be operated in the same perimeter as 
_ the tilt-wing convertor plane and the ducted fan aircraft with its internally- 
- mounted power plants. The shape could be a circle, square, rectangle or tri- | 


Fe As to the physical appearance of the future urban aircraft all that can — 


be said is that it will operate within a perimeter of a circle having a diameter 


of 140 feet. To be more : specific, , it is necessary to determine fuselage con- _ 
_ figuration, power plants and the method of transmitting this power to lift. In 

7 doing so it is necessary to select the flying machine that will be in use in | ; 

With the number of concepts of urban aircraft being developed today 


the selection of any one design would be extremely hazardous. Next let us de- J 
_ termine if there is any logical method of predicting the weight and landing gear 
- configuration of the future U -X-75. ¥ Again let us go back to the standard citi- — 
zen. The airlines have used for years an average weight of 200 pounds fora 
domestic passenger and his baggage. Using this criteria the passenger pay- —_ 
load of our 60 passenger aircraft would be 12,000 pounds. The ratio of pay- A 
load to maximum gross weight for recent transport aircraft is in the neighbor - - 
hood 1 to 5. While we can all expect this factor to improve it is remarkable 
how close the ratio of payload to gross weight has remained to the above 
figure from the days of the old DC3 to the present jet aircraft. Using the 1 to 
5 ratio the maximum gross weight for the future urban aircraft would be © 
60,000. If the ratio improves the operator will throw on some ‘mail sO | the 
figure of 60,000 pound maximum gross weight for our future aircraft appears. : 
-_ For this information to be of use to the designer the distribution ofthis 
_ weight on the landing area must be determined. The unit loading on the land- — 
ing area is related to the tire pressure of the aircraft. - The following criteria _ 
has been discussed by members of the Air Center Committee with the Heli- 
copter Committee of the AIA and the Airport Division of the FAA regarding — 


the impact loading of the landing area. The criteria isas follows: 


7 “The landing area should be designed to take a maximum impact load bia 
a of 1- -1/2 times the static loading of one of the main gear distributed | ee 


7 : over a foot print area of su —_ magnitude that the unit loading of the e land 


‘Thus the tire or tires must be of such size that the impact loading will not — Bi 
exceed 100 pounds per square inch. y | 
' 4 ‘The sp spacing of the landing gear is also of interest to the designer. It ap- 
_ pears that the lateral spacing will be in the neighborhood of 20 feet and i 
the longitudinal spacing will depend on the shape of the fuselage. However, the 
~ longitudinal spacing of the gear should exceed the lateral spacing unless the , 


aircraft sets on its tail and the passengers climb ¢ a ladder to get aboard. pis" . 
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craft and its maneuvering ability on the ground. The operating of a 
- circle having a diameter of 140 feet has been established so the landing and 
"take-off area will be a function of some length by a width of 140 feet. It should 
be borne in mind that the aircraft must obtain sufficient height over the land- — 

ing area to clear surrounded obstructions and to fly a precise flight-pattern 
or to return to the landing area should mechanical difficulty demand. Canal 
indications are that the take-off maneuver will not be a vertical climb for 4 

_ several hundred feet and then coverting to horizontal flight but rather a . steep — 
‘accent which will combine forward exceleration and vertical climb. A ratio of 
_ four feet horizontal to 1 foot vertical is the suggested flight pattern for take- 
off, Landing should safely be made at about twice the rate of climb or a de- 
scent of two feet horizontal to one foot vertical. While there is little doubt 
that by 1970-75 the aircraft will achieve one engine out performance there is © 

wide divergence of opinion as to what the flying capabilities of the aircraft will $ 
be. There is no doubt that for passenger service the operation must be safe. 
It is suggested that the aircraft should obtain an altitude of 100 feet before - 

. _ loses the the ability to return to the landing area. Assuming that t this maneuver | 
will require flying ina a straight line the landing area must approximate 600 > _ 
feet long using the 4 to 1 ratio for take-off and the 1 to 2 ratio for —— / 

The take-off 2 area thus becomes an area of 140 feet wide and 600 feet long. A: 

* aircraft will occupy a certain area, before take- -off and after landing, _ 
600 foot landing strip should be lengthened an additional 100 feet for a total aa 
length: of 700 feet. Routine landing can easily | be - accomplished in in this area. 

= The aircraft will be » capable o of operating with cross-wind components of such > 

magnitude that for practical purpose a landing area oriented in the direction _ o 

a, _of the prevailing winds will suffice. Little can be said of the ground maneuver- 

. ability of the aircraft other than it will be self- -powered and be capable of | _ 

- taxing to and from gate positions of the size of the operating perimeter. In 

all probability power will be transmitted directly to the wheels and thus elimi- 
nate the rotar or propeller blast which would be troublesome for ‘congested 
loading areas. The number of gate positions, size of parking area, passenger — 
terminal facilities and aircraft servicing facilities will depend on | location of | 
the Air Center and the traffic that it will handle. The « only dimension that can 
be used with any certainty is the operating perimeter of 140 feet. Atfirst 
this width would appear excessive for parking areas for fuselage configurations 
other than the flying cigar. Keeping in mind the design criteria o ofa — 
area of 1000 square feet and that external appendages such as rotors, wings 

_ ete., would: not exceed the longest dimension of the aircraft th the width of 140 
feet ‘can be e utilized efficiently by either ne: nesting the aircraft or double parking 
the shorter versions. Some trial calculations show that a variety of configu-_ 
rations of numerous dimensions can make good use of the area. The long thin 

aircraft will probably have folding rotors or wings which will allow several 

aircraft to be parked on a frontage of 140 feet. 

a For capabilities o of the U-X-75 in the air, it has been established that it will 


aa climb better than o one foot vertical for every four feet horizontal on take-off. 
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a Gear configuration will vary with the shape of the machine, the type 
iteria i best thatcan 
ae “lil a a power plants and many other factors, So the above criteria is the epdencned a 
— Some of the information required to design an air center is being 
that will in all probability remain valid for the aircraft of 1975 even ough 
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In engineering terminology it will a 25% grade and in aviation lingo 
will operate in a 4 to 1 approach zone. 


nw The range will be in the neighborhood of 300 miles. _ This will, of course, 
vary with the type of aircraft and the location of the air center. In. densely Et 
_ populated areas such as we have in the east the range might be less and con-— 
versely in the mid-west and west tl the range might be considerably more. It. 
really depends on how much fuel you must haul around to get to = traffic 
_ The aircraft will probably be powered with turbine engines which at first 
will be noisy. ‘This noise combined with the rotor or propeller precussions 7 
- will be of concern to those responsible for the location of the air centers. Im- 
provements will be made to reduce this noise and by 1975 it should be no more 
troublesome than our } present truck traffic. . The speed of the machine will a 
= with the type of aircramt. It will probably range from 150 miles per hour | 
to over 300 miles per hour. ‘Using the above information the traffic engineers ¢ 
wil be able to | give the designers of the air center some data on terminal size, 
parking area ee and all the other information that he will need to 
et, what will be the seit of getting the urban ; aircraft to and from the 
4 air center? Numerous systems of precise navigation are under study today. 
' | ‘These systems while they vary in concept are all striving to develop a tech- 
—_ nique for instrument flying which will equal the pilot of the aircrafts =. 
to fly under visual flight conditions. _ The results are encouraging enough to 
pre Pes that by 1970-75 the pilot of the U-X-75 will be able to fly a complicat- 
ed flight pattern under zero-zero conditions with the same accuracy as he 


= _ With the air traffic density that will exist in 1975, the e approach the urban, : 


a rigid flight pattern. ‘The aerial highway will probably have clover leaf inter- 
sections and many of the features of a modern high speed turnpike. The one _- 
great difference is that it will have three dimensions as the vertical position — 
of the vehicle will no longer be fixed by a strip of pavement. It appears that — 
7 the enroute highway will be a box roughly 500 feet square with a single air- 
4 craft occupying a block 2,000 feet long. Sure traffic intervals will be much > - 
greater than on our present highways but remember that a series of black 
_ boxes will replace the strip of pavement. Ten or more lane highway systems 
possible. _ Interchanges, overpasses, underpasses, high and low speed 
traffic lanes as well as emergency lanes, landing areas and many features not © 
yet dreamed of are in the offering. Think of the freedom of design that the _ a 


black boxes to define the aerial traffic lanes and reliable instrumentation that 
will allow the pilot to fly with the same ability as if he could see 20 miles in a 
“ is as hard to visualize a railroad signal system controlling all a 
oa _ ~‘movemenis: on this aerial highway system as it would be to control automotive 
traffic with the same system. The pilot will have to drive his urban aircraft ) 
yt the same as the bus driver of today. 
“hal ‘The b ny carrying 60 people will have am area of ea of approximately 1, 000 a 
square fe feet. Shape can be almost jost anything. 
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‘The longest dimensions will be in the neighborhood of 100 ft. 
The operating perimeter of the aircraft will be a circle _— a diame-— 
of approximately 140 feet. 
4. The gross weight will be approximately 60,000 on aaa 7 
5. The unit load on the landing area will be 100 psi. 
6. The landing gear will be spaced so that the minimum n distance between 
7. The dimensions of the take-off area will be x 700°. 
ae 8. Single directional take-off area oriented to the prevailing winds a 
= i 9. The vehicle will be self-powered and capable of taxiing to and from a ~ 
position equal to the operating perimeter of the e aircraft. 
areas should have a of 140 feet. 
Respectfully submitted, 
= 
Robert Angstadt 
David B. Parker 


‘Donald M. Thompson 


William C. Borland, Chairman 
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regions of the earth’s atmosphere and are well started toward operations —_ 
the space that lies beyond. Speeds have increased from forty miles per hour 
in 1903 until routine passenger flights are now made at over six hundred miles 
per hour, and we can reasonably expect the next generation of aircraft to oper- 
ate at over two thousand miles per hour. Useful loads have changed from a 
pees man, the pilot, until now passenger lists with between one hundred and 


brothers flyer have expanded until they now service for all 


higher and better transportation efficiency as ac advances are 


i in the science and engineering of flight vehicles. 


Astronautics encompasses the art and science associated with flight vehi- ; 
cles designed to operate outside the atmosphere and is now in its infancy with 
‘some ballistic missiles started in production, a a few satellites in orbit, and 7 
some missed lunar shots on the record. - However, the next few yearswill 
bring very great developments of astronautical vehicles and all the other ele- ; 
ments needed to realize transportation systems based on these vehicles. =e ‘ 
aa It is the e purpose « of this paper to consider the state of the flight vehicle art : : 
in broad terms with some attention to possible directions for future develop a 

ments and to ) suggest some features that may be used in the flight ports : of ol 
future transportation systems. The key difficulties that must be overcome > by 

_ the design of ground facilities are considered, and the general nature ofa 

4 possible flight port of the future is described. The paper is presented in the a 

that worthwhile discussions will be stimulated by the 


versial concepts that are 

Note: open until December | 1, 1959, To the c closing date 


s written request must be filed with the Executive Secretary, ASCE. Paper 2103 is 
of the copyrighted Journal of the Air Division, of the 
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and Head, Dept. of Aeronautics and Astronautics, Director, Instru- 
ition Lab., Massachusetts Inst. of Technology, Cambridge, Mass. 
were used to illustrate Dr. Draper’s presentation. 
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& Vehicles of Today and Tomorrow | 


ticular craft that will | use e them. Because there are e many different types of al 
on vehicles, ground facilities need to have such a wide variety of features 
that it is not only difficult but almost impossible to incorporate all of them in 
ports of reasonable size and cost. In order to understand what these features» 
a and the factors that cause them to exist, it is useful to examine Fig. 1. a 
_ This figure displays the spectrum of present and future flight vehicles, — The 
typical vehicles are numbered from 1 through 15 starting with the helicopter - 
and ending with an interplanetary craft. Each vehicle is placed above the © 
. earth in the region of its normal operating altitude in miles. The scale is 


mum saeae in Mach number* units and the ratio of thrust to weight at —_ off 
a + are listed in a table on the right-hand side of the figure. ST 
-*Mach number is the ratio between vehicle speed and the speec of sound inthe _ 


undisturbed as within which the vehicle moves. 
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with short runways are numbered 1, 2, 3, and 4 in the table of Fig. 1. — 7 
- copters must have a take-off thrust-to-weight ratio of unity in order to rise 
_ ve rtically and they have maximum speeds equal to about twenty per cent of aes 
_ sound velocity. Light airplanes generally have similar maximum speeds with a 
_ thrust-to-weight ratios of about twenty-five per cent. This discrepancy be- 
- tween thrust and weight has been generally characteristic of aircraft and is tc 
the basic reason that an airfoil-shaped wing is required to generate take-off obi 
: ‘lift by accelerating a large mass of air downward. Feeder-line transports — 
- medium-length runways are typified by the well-known DC-3’s, which fly _ 
at about Mach 0.25 and have a thrust-to-weight ratio at take-off of about 0.25. 
_ VTOL (Vertical Take-off and Landing) aircraft are currently being developed © 7 “@ 


which have thrust-to-weight ratios of unity so that they can make vertical © aati: ) 
- -off, and they may fly at maximum Mach numbers of about 0.5. | These in- 


clude tilt wing, deflected thrust, tilt duct, and convertiplane or compound air- oa 
plane type configurations. Once aircraft designed in this way are in the air, © 
they convert to conventional-type flight and have the general characteristics | 
at fixed-wing airplanes. _ Vehicles of this kind are not in production as yet, ef 
but flight trials with a number of prototypes and test-bed models have proved 
i that aircraft using these principles are operationally feasible. The January, — 
1959, issue of the JOURNAL OF THE AMERICAN HELICOPTER SOCIETY is 7 


largely devoted to descriptions | of v various VTOL designs and reviews of aie 
currently available test data. _ ware 


Aircraft types requiring airports \ with runways (seven thousand toten 
thousand feet in minimum length) are given numbers 5 through 9 in the table = ; 
Fig. 1. Conventional piston-engine transports, such as the Lockheed Con- 
stellation, the Douglas DC-6, and the Douglas DC-7, fly at maximum Mach 
‘numbers of about 0.45 and have variable- -shape w wings to realize take-off , 
_ thrust- -to-weight ratios of about 0.25 at take-off and 0.1 for cruising. : The 
_take- off ratio is not accidental, but is based on the fact +t that it is feasible to ‘ 
wing- -fuselage combinations able to lift weights approximately four 
_ times the available thrust. Turboprop transports now in service fly at about 
seventy per cent of sound velocity and have thrusts for cruising equal to — 
one eighth of take-off weights, and at actual take- -off this ratio is about 0.35. _ _ 
Jet transports like the Boeing 707’s which are now used in commercial oper- _ 
ations fly at about eighty per cent of sound velocity : and have thrust-to-take- - 
off weight ratios of about 0.25 at take-off. During cruise this ratio is seduced 
_ Beyond the existing aircraft types that have been n mentioned, the next ad- . 
vanced development appears to be Mach 3.5 jet transports and intercontinental 
7 bombers, which are associated with numbers 8 and 9 of Fig. 1. The bomber, — 
which has a great premium on load and range, is } shown with a take- -off thrust-— 
— to- -weight ratio of 0.25. _ On the other hand, the power plant required for —. 
is _ 3.5 speed may for a small increase in weight be adapted to provide a thrust 
- equal to the take- ~off weight of a fully loaded commercial transport. ‘This 5 
introduces the very attractive possibility of vertical take-off and landing of se 
: jet transport aircraft. This subject is is discussed by James A. O”’ ee Jr. wi’ 
_ Number 10 on the table of Fig. 1 is a rocket- -powered research vehicle w with — 
_ a maximum Mach number of 7 and a take-off thrust-to-weight ratio of 1. ss 
The only vehicle of this class that exists today is the X-15, a hybrid ee 
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designed to provide manned flight both within the — as an ht re: 
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aeronautical craft and in the astronautical regions outside the atmosphere. It on 
_ is not expected that the X-15 design will be usable for practical operations, arm 
but | the information gained from tests of the experimental models will surely 5D) : 
be in designing later vehicles. Number 11 of Fig. 1 illustrates an 
‘This saan may | move at speeds near Mach 15 as it re-enters the atmos- 
phere. The thrust-to-weight ratio of the vehicle itself is relatively low —— 
Intercontinental ballistic missiles have take- off thrust- to-weight ratios in 


at region of 1.5 and achieve maximum speeds of about Mach 15 based on con- _ 


ditions in the upper atmosphere. 


- Craft such as earth satellites and interplanetary vehicles operate outside 
the atmosphere, so that Mach number is a meaningless concept. : Tae offs om 
_ for vehicles of this kind are made with the aid of booster rockets, | so thatthe _ 
; — off thrust- -to-weight ratio for the vehicle itself also has no ‘significance. , 
Flight Ports for the Future 


considered as well- established, are reasonably satisfactory, ar and will probably 

not be greatly changed in the future. The air terminals that now serve the 

principal domestic and foreign airlines using propeller-driven craft surely _ 

need to be improved in many ways, but they are now providing fairly well for 

a large and thriving transportation industry and no more than a few of them eS 

are likely to be greatly changed during the next few years. The new —: 
: pure- jet transports place severe requirements on conventional airports be- 


; cause of the great runway lengths that they require for take-offs and landings. » © 


sit is | in the next generation “TF air transport systems, based on Mach number» 
“ 5 jet aircraft with take-off thrust-to- -weight ratios of unity, that modern 


Aircraft and Their Problems of — 
the Ground and in the Air 
Supersonic speeds from jet transport aircraft are not pay- 
= considerable costs of various kinds in design and in operation. The diffi- 
rea in vehicle « design must be overcome by the engineers whose aims are © 
to reduce concepts and ideas to actual equipment. Problems of this sort are a 
- not the primary concern of this paper. The aircraft characteristics of direct . 


annoyance and discomfort to. passengers, and those that may disturb persons 
Bere. or working near airports. One of the purposes of this paper is to dis- _ 
cuss means for eliminating or alleviating the troubles associated with the use _ 


VTOL jets intransportation systems. 


_ Problems in applications of jet are largely associated with two 
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high rates of fuel consumption, and difficulties with speed differentials 
over other aircraft introduce problems that mus 
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a Jet engines are very , strong noise sources , when they ar are operating gat 
_ high thrust and produce severe air disturbances with their exhaust jets. 
Jet engines consume fuel very rapidly whether they are running 
: ficiently at high flight speeds, operating inefficiently | at lower thrust in P 
slow- y~speed flight, or | stationary on the ground. 
‘The problem may be attacked by exhaust silencers, which reduce 
noise somewhat, but always entail an appreciable cost in thrust reduction. To 
protect neighbors from jet-engine noise during landings, take-offs, climb- © * 
; outs, and taxiing procedures, various means for attenuation, deflection, and — 
absorption are possible. Minimizing the periods during which jets operate - is 
also very effective in reducing th - number of pooner: from neighbors 


the regular engines are used for partitions of 
} 4 kind to protect passengers and airport personnel in the terminal and ——— ; 
able space between the running power plants and other inhabited craft ftare 
means for tolerating propulsion blast effects. 
ih _ The high fuel consumption rates of jet engines in flight and on the ground 
mean that the total flight time available from the amount of fuel that may be 
- carried is sharply restricted. To conserve fuel before flight, it is very im- Be 
¥ _ portant to take off as soon as possible after engines are started . To complete 
Py safely, delays due to holding in traffic patterns from any cause _— oy 
e minimized. In postiontar, it is necessary to eliminate the effects of “a 
_ weather on flight times. Schedules must be maintained as well in the worst 
weather as in the best weather. _ With the guidance techniques and equipment 
ow available from military missile developments, such as the NIKE, sy 
-BOMARC, MATADOR, REGULUS, and HAWK, it is certain that aircraft co could 
E be safely and accurately taken off, navigated between airports, andlanded 
: without interference by weather. The guidance phase of flight operations “ee 
_ how being rapidly developed and can be rye to reach a satisfactory — 


s until the moment of touch-down on landir 


General Functions of Flight Ports 


_ Flight ports have the functions of accepting passengers and freight from 


all means of transportation that may be available, making effective t: transfers: 
to operational aircraft, and providing for safe and expeditious take- offs and 
landings. For example, a flight port for Mach number 3.5 VTOL jet aircraft — 
may reasonably | be expected to have provisions for passengers arriving by a 
air from 1 major airlines, helicopter taxis, and VTOL craft, and from buses, 
‘private cars, and rapid-transit systems. These passengers and their effects — 
should be handled rapidly and with the smallest possible i inconvenience <a : 
discomfort while they wait for take-off. Boarding and disembarking o oper- 

4 ations should be done quickly so that passengers do not have to wait in their ” 
ise : all aircraft for extended periods either before taking off or after r landing. ei q 
=) a Finally, flight ports | should be designed to be as small as possible and to Go ' 

be good neighbors from the standpoint of noise for those who live and work _ j 


near them. _ Access: roads ‘Should be distributed to accept traffic from 
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pleasure car cars and freight-truck traffic even at peak-load hours. Service fa- _ 
cilities and test locations should be well separated from passenger accommo- 
dations and designed | to have sufficient capacity to care expeditiously | for the Ee 
aircraft required to maintain normal operations at port. 


‘‘Petentnet — for Handling of Aircraft on n the Ground — 

‘Fuel waste in taxiing and holding operations may be entirely 
“means of an auxiliary driving unit built for temporary attachment to > aircraft .. 
on the ground. A unit of this kind would conserve fuel by ‘making it un- a 
necessary to start the main engines until the aircraft has reached the take-o off. : 
point, ‘is ready to start, and has clearance for immediate departure. When ge 


these circumstances exist, the driver unit, which effectively serves the same _ 
; functions asa tug for large ships ora switch engine for railroad cars and also” 


_ As by-products of applying an auxiliary driving unit for ground operations, | 
“noise from main | engines is is completely eliminated until just before lift-offand 
with exhaust blasts ‘no longer exist in congested a areas of the flight 


to another aircraft ‘which is in need of taxiing force and general service power. — 


Control with VTOL Jet 
: "When engines are started and the high thrust settings required for lift-off — 
. are made, high noise levels will unavoidably exist in the hag” wg of the lift-off 
- site until the aircraft has reached a considerable altitude. The inherent sound-— 
7 _ proofing of the aircraft will protect passengers and crew inside the fuselage, 


but neighbors 1 may very well have | justified complaints. . This difficulty can be 
reduced by conducting the lift-off operation from an area that is enclosed d by 
sound- -control shell. ‘This shell might have a roughly parabolic shape 
ormed i by a an. open latticework wall and a volume behind the wall enclosed by 4 
; sound-absorbing material. By directing the open end of the parabolic shape 
7 upward, sound energy from the jet blasts is partly directed toward the open 
sky and partly absorbed. The fraction of the total sound energy that is sent 
o a) toward the outer atmosphere will generally not return to be heard on the © 
os ground. This process will be less effective when reflecting layers, such as 


s clouds, exist in the atmosphere, but troublesome r noise should be greatly re-_ 


duced during the initial stages of lift-off. 
“When VTOL jet planes are in the air but not yet high enough for atmos-_ 
ie - pheric attenuation to control noise, areas of trees planted in the vicinity of : 
lift-off areas should deaden sound effects to a considerable extent. Only the 
results of theoretical and experimental | studies can supply exact iforsittjon - 
on noise control, but it is reasonable to assume that effective means for this a 
_ purpose are feasible. Because of the limited areas involved during lift- offs, 
_ VTOL operations are more adaptable to noise-reduction measures than the 
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Fligit terminaits should be designed so that passengers may arrive by any 
means of transportation and have their tickets and baggage expeditiously and a 


size should be provided for the use of passengers and their friends until 

- boarding time. . The operation of boarding should be rapid and direct and not 

y. ‘require passengers to go through or stand in uncomfortable areas. Walking © 1 

= _ and climbing stairs or ramps should be reduced to a minimum, and enough ac- - 

- : cess doors should be provided so that loading for an aircraft can be completed 

minutes, 

im 7 . "The desirable conditions outlined above should exist for both loading and ~ 

“_ unloading operations. For unloading, baggage should be available by the time ~ 
_ passengers have reached the exit area, and convenient means for reaching mg 


- personal cars, VTOL taxis, automobile taxis, buses, VTOL buses, and rapid- — 
_ transit facilities should be available. Except when distances are very short, : 
. = sidewalks should be provided, and escalators should be used in all 


situations where a change in floor level is involved. 


== roominess, comfort, convenience, and pleasant surroundings 
f 


or passengers and their c companions are primary requirements for flight ae. 


ort various levels and furnishing t the passengers with attractive outside 
‘rooms which have large windows and facilities for food and refreshments. __ 


A ‘suggested d loading and unloading arrangement would permit passengers 
remain in a comfortable loung area until their aircraft is literally 
7 to the doorstep silently and smoothly by the pilot driving his aircraft with a 
; ground power unit. _ Once the aircraft is in position, comfortably wide escalator 
loading ramps are raised to match the aircraft doors, and passengers enter — na 
_ directly from the lounge. The aircraft is brought to the loading dock only _ 
: ‘ after the ‘completion of fueling and all other service operations and with the 
crew aboard and ready to start. While passengers load from the second-floor — 
- level, baggage is placed aboard in already packed units fitted with means for * g 
r attachment to rails fixed in the aircraft. Using special elevator-type trucks — r 
_ and automatic locking devices, it should be possible to complete loading in 
i iq less than ten minutes. Even with the large aircraft involved, passengers ~ 
P - should be aboard and settled in their seats by the time baggage loading is aioe 
roan finished. With passengers aboard and loading completed, the pilot seals his _ 
: aircraft and drives at the maximum safe speed to his assigned lift-off shell. 
_ The ground level contains baggage checking, baggage and freight handling, 
= ticket control, and other functions required to care for passenger needs. Air- 
craft operations, pilot briefing, weather information, and other functions of nding 
this kind — be housed in a service building, not in the passenger 


a Va The passenger level —e all the facilities needed for the comfort, con- 
venience, and amusement of customers while waiting for flights, planning a 
trips, expecting friends, eating, et cetera. The pilot drives up in his vehicle . 
only after all flight preparations for the aircraft have been made in service 
areas, so that passengers are never required to stand in line or wait while — 
final preparations of any kind are made. 


a _ The VTOL service level is on the roof. of the passenger level. Helicopters 


a capacity for two or cares passengers supply taxi service; larger 
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- “helicopters and other VTOL. are available for longer scheduled trips; 


- and private VTOL craft may be parked while waiting for their passengers to — 


> _ The disembarkation section of the passenger terminal has ports into which 
the pilot may drive his craft after his main engines are shut off and a ground — 


power unit has been attached. The unloading of passengers and distribution 7 


Ais “of baggage should not take more than ten minutes. Freight is not unloaded at 
the passenger terminal, but is handled at - freight terminal and sent directly | 


All Plan of Flight 1 Port 


_in detail in order to accommodate the plans and preferences of individual air- 
lines, but it would | be desirable to preserve tt the concept of complete a 
to) passengers in each ‘section. The various sections would be interconnected 
by passageways and moving walkways as required, and escalators at con- 
venient intervals would be rovided between the levels. 


_ General ise of Flight Port for VTOL Jet Transports i 


A eins arrangement ofa VTOL jet flight port would provide five. land- 


minute cycle per landing. A similar number of lift-off sh shells ‘makes ‘the 
_ same rate of departures possible. The passenger terminal building has ten _ 
- loading docks and ten unloading docks so that the full capacity of the port may 7 
be realized. The time spent at the passenger terminal | is twice the time taken 
the landing and lift- off shells for each operation. Service areas are pro- 
- to accommodate about one and one half times the number of dock spaces 4 
for aircraft. Space at the flight port is conserved by bringing fuel directly in a 7 
by pipeline and by depending on commercial steam and electricity for heat _ a q 
_ and power. A stand-by power plant is placed at the field to care for emergen- ~| 
control tower is on end of the passenger y that is 


= the landing and lift-off shells. All offices and facilities not ngsoail 7 


> 


area, and the aircraft is ; unloaded while refueling and other service aes 
are completed. When the aircraft is ready for a new flight, freight is loaded; 
the crew comes aboard, probably by ramp from a ‘second-floor level; the Py 


pilot drives to his designated loading dock; passengers come aboard; baggage _ 
d is placed on the aircraft; and the pilot backs away and drives to his proper 3 
F shell, where he lifts off after the ground power unit is disconnected — sent a a 


to pickupancther 
_ Two four-lane, divided roads pass through a sunken level under the ‘ieee 


part of f the passenger terminal. These two roads are connected outside _ 


es different « directions. Escalators or moving seh from a wide section between 
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_ AIRCRAFT OF THE FUTURE 
the two four- -lane roads carry passengers from private automobiles, taxis, 


_and buses u up to. the service level, baggage is checked, tickets 


} For the convenience of those who wish to drive to the flight px port in p private 
‘cars, ample parking lots are provided. Entrances to moving walks below 
_ ground level are placed at intervals so that maximum walking distances from — 
. parked cars are reasonably short. The moving walks deliver passengers al 
rectly to the ticketing and baggage-checking areas. 
‘ Freight and supplies are delivered via four-lane, divided roadways to load- 
ing platforms placed under ground level in the service buildings. By making © 
the service access roads come into the flight port at right angles to the — 
mobile roadway tunnels, truck and pleasure-car traffic is from 
_tanglements inthe vicinity ofthe port. 
— Rapid-transit lines run parallel to the service roadway tunnel ona evel a 
below the automobile road. Station facilities are centrally located under the 
z passenger terminal with escalators for 2 access to the service level and the 


a 


‘SUMMARY 


_ Flight p ports following the pattern presented in the | figures may never be fe 
‘built, but it is hoped that some of the concepts suggested may serve to direct 
attention toward the deficiencies in present air terminals. With the volume | 
_ of air traffic already tremendous and surely due for great increases with ad- ee 
7 vanced equipment, thought must be given not to temporizing solutions for _ cn 
troubles as they occur but to a a thorough | revision of the whole pattern made ef 
up of flight vehicles, , guidance, , control, ground facilities, and connecting oe 
Sonne . The air transport system as it now operates is the result of | 
a continuous growth from the days of “cow pasture airports” and barnstorm- 
ing pilots. What we need is a fresh look at a mature means for moving men oa 


* -- and materials that is tremendously more powerful than anything that has exist- 
Ben ° ed before our time. We will work out solutions to all the problems involved, — : 
wal _ but only as a result of imaginative thinking and hard work. fi The events ahead " 
a _ will be very stimulating and most interesting. It is an inspiring — 
| however small, in n shaping the future. 

tions The writer wishes to the privilege of discussing the subject 


‘matter of this paper with Professors Raymond L. Bisplinghoff and Rene H. 


age Finston has been most effective and cooperative in the preparation of the ak a 
manuscript. The Instrumentation Laboratory’s Technical Publications 
ont 7 ; under Mrs. Dorothy Ladd, has contributed much to the — that were _ 7 
at the conference and the ideas they present. 
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AIR TRANSPORT DIVISION 


AIRCRAFT FUELING SYSTEMS FOR 


James P. O’Donnell,! 


— 
— with the | many - advantages 1s offered by jet tran transportation are various 

i problems caused by special treatment that the new aircraft require. Many 
airport storage and handling practices used in refueling piston-powered air- 

craft will be unsatisfactory for turbine-powered jet planes ee 

a In this brief review only the highlights of design principles. and consider- — 

- ations involved in airport fueling system for jets have been mentioned. i 
velopment of equipment and application techniques in many other items such 


as the following is still in progress: 


the actual fuel purity required in aircraft fuel amen and engines in all flight — 
environments, particularly at low temperatures. The establishment of the & 
performance specifications for such equipment to assure this required fuel 


purityisaproblemnot yet resolved. 
Continuous monitoring equipment to check fuel purity throughout the 


handling cycle of the airport system from fuel receipt to plane loading, es- SO 

‘Inert gas pressuring techniques for fuel transfer from storage, thereby = 

@liminating vapor hazards, product loss and air-borne contamination 

Improved design details, such as swing-joint or equivalent high- -strength 
“= connectors on hydrant carts, minimum vapor type seals for floating roof — 

storage, submerged inlets and charge relaxation devices to reduce static _ 


Digital ‘computers app applied to system control, inventory, metering and bill- 
ing; and analog techniques applied to quality controle 
a Mobile or fixed equipment to remove objectionable fuel vapors released _ 
from plane vents during fueling operations. 
i, _ Suitable non-ferrous piping and equipment to reduce fuel contamination due 
‘The selection of specific “equipment and design techniques for individual 
airport will depend on features of safety, efficiency and economy 
“a Note: Discussion open until December 1, 1959. To extend the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. Paper 2104 is 
art of the copyrighted Journal of the Air Transport Division, — of the - 
American Society of Civil Engineers, Vo ‘Vol. No. at 3, it 


Consulting E k, 
Cons ing Engineer, er, New ¥ 


| 
— 
4 
electricity hazards, and floating suctions to reduce contaminant withdrawal ig 
aioe? — 


q 


daly, 19 1959 
“thereby introduced. Ine evaluating such economies, it is impo. 
the overall savings in aircraft operations which result when refueling is per- 
_ formed only from airport systems maintaining strict purity control of all fuel 


loaded into aircrafttanks, 
_ The presentation of data gy this summary was pobtiched 1 in Civil 
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Se THE PATTERN OF FUTURE AIR TRAVEL DEN DEMANDS ae = 
In the air transportation system the most important physical elements are- 
Pe aircraft, the airspace, and the airports. These can not be effectively — 
Air carriers is a familiar term. General aviation may not be as familiar. 
It is given a group theory definition of being all civil aviation activities other — 
than air carrier. This definition is sometimes altered in practice, but it a - 
brings great comfort to my logician friends. General aviation, then, includes 
business flying, instructional flying, agricultural flying, pleasure flying, etc. 
es In the past ten years scheduled air transportation activities have just = 
tripled. For next year (1960), the Federal Aviation Agency looks to the air- yg 
line industry’s generating 35 billion passenger miles, 5 billion more than esti- “) 
mates for this year. By 1970, the FAA ectimates there will be 60 billion 
passenger miles, double the present levelh 
If the growth of the air carrier industry can be considered as spectacular, — 
= that of the general aviation activity can be considered explosive. Today, pee 
general aviation is flying about 70, 000 planes, just about forty times the Ie! 
; “number in our air carrier fleet. These 70,000 aircraft are flying 12 million 
hours a year, more than triple those flown by air carriers. Even on the basis 
_of passenger miles, general aviation has claim to a a higher figure, and it is a 
al _ The most vivid color in the general aviation design is a flying. _—_. 
alone exceeded airline hours by almost 2 million. It has long been expected, 
_ and is now true, that business flying has become a stable element in our | = 
= sense of these figures is clear. General aviation is a major user of o 
our air transportation system and of our airport network. — This position is =) ~~ 
based ona ome foundation of business flying activity and on anticipated busi- - 
growth. The utility airplane is no longer a luxury. For many corpo- 
rations it is as vital as the company car. 
As to the future, estimates put the general aviation fleet at about 105,000 
units its by 1975 5 and the total flying hours s somewhat over 20 million. me Remember, — 
Note: Discussion open until December 1, 1959, T To extend the closing date one month, __ 
“ey a written request must be filed with the Executive Secretary, ASCE. Paper 2105 is 5 
of the copyrighted Journal of the Air Transport Division, 
‘Chief Executive Officer, Applied Research, Inc. Chie 
fi 
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to, , that the oumattnent opinion of ‘experts looking at airline expansion is is that | 
- the carrier fleet will remain relatively static at around 1,800 planes. In- 
creased speeds and loads will be substituting for : additional planes. This = 
= then, that general aviation will be speeding ahead in number of planes 
at least as far in the future as we can project Bev ais Ww ee 
= The main characteristic of general aviation requirements can be briefly 


; ‘First, the airport facilities requirements of these planes are, as we know, 


far less demanding than those required by airline aircraft. General aviation | 
_ planes are not normally high performance aircraft. _ They t therefore can be 
accommodated by relatively short runways, and, indeed, in many 


community. - ‘This means a number of ‘secondary airports distributed around 

metropolitan areas, less densely in suburban and rural areas, but sufficiently 

_ dense to care for the public and their general aviation needs. 


a Third, we have need for general aviation to get into the super-airport to 


os 1 We have something over 7,000 airports in this country, and this includes ~ 


_ have enough of them nor are they in the right places to eatiafy 0 our needs. In 
= - addition, in most instances, those that 1 we do have are not 1 sufficiently modern 


brought out in a report by Mr. Edward Curtis to President 
Eisenhower. — (This report, incidentally, led to the formation of | FAA.) In an 
introductory ‘statement, Mr. Curtis : said, “Of all elements in our national — 
system of aviation facilities, airports have been most neglected.” or Te 
_ On this last point, the FAA has now put : a . figure of $1.3 billion as the mone 
“needed over the next four years to update o our airport complex. Previously, — 3 
about a year ago, the National Association of State Aviation Officials also 

F inventoried the general requirements for airport modernization and develop- 
ment. Their figure for the money needed for the next four years was some- aa 
thing over $1 billion, which admittedly was conservative. ‘Thus we have _ 
agreement as to the ‘magnitude | of the updating problem and as to the cost of [ 

_ The rate at which our aircraft industry is producing 1g and se selling aircraft to 
business and private owners is sufficient to require one new average airport 
each day in the United States. This is a fantastic figure. _ Every day we are 
needing another airport—think of it—365 airports a year; and on Leap Year, 


‘There are in the United States perhaps 6,500 airports which we can | say 
a se serve primarily general aviation. Many of these are privately owned, over 
_ 60%. With these last we have a problem which you can readily appreciate. _ 
= entrepreneur has taxes to pay which rise as the rural community turns sa 
suburban. Then as the community develops, his new neighbors complain about) 
_hoise; new industries rise; smoke stacks or power lines or TV ‘transmitting | 
towers appear; and real estate developers begin making love to the level tract 
of land possessed by the airport. For one reason or another, an average Lal 


- _ about ten airports per ‘state die each year. Based ee a a recent ‘survey, it 
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= TRAVEL DEMANDS sy 

Now some have done something about this problem. 

In the Denver area, Jefferson County is planning an airport for general ) 
‘aviation aircraft with relatively simple but adequate facilities. The ae 
Minneapolis-St. Paul Metropolitan Airports Commission operates ae 
secondary airports to service general aviation. Chicago, which ten years ago 
37 airports serving the area, has 2 29° and is — in a major 


order of another 2, 000. (Some would raise these figures, but our geography a Be 
| and communities will be pretty well covered by these and further growth will 
oa] °°, covered by expansion of these airports.) Here we are looking at a billion 


‘Let us now turn to the big airports since they are a key part of a 
and over, of heavily constructed runways and taxiways, large land 1 re- Caer 
quirements, and of a complex of terminal facilities. The FAA lists about 700 

_ We can expect that the number of such airports will not be increasing =. 7 
‘much. _ We are already serving most of the geographical communities that _ 
need such service; and while the planes involved will become bigger, will be i” 
carrying more people and carrying them faster, the total fleet size as we a2 
indicated before will increase only modestly, ifatallk 
700 big airports, we would | have spaced sixty mi miles 


areas. We use some 290 traffic generating « centers in our work. “In any any ‘event, 


e money we can see that our present 700 big airports can service a good bit of geogra- 


may, phy for the airlines. 

iso = General aviation can use the big facilities, but when they do | use them, say 
velop- a runway, they blank out capacity for the air carriers. A 10,000 foot runway 
agai has to be kept clear for landing a Cessna 172 just as much as | for landing a 
— Boeing 107. Here we have an opportunity to increase the operational capacity 
st of of our larger airports at only moderate cost simply by developing | new patterns 


craft to 4 This is a problem in | airport layout, or one for the civil engineer. ‘Why not 

irport | ) use some short runways of lighter construction? Maybe we have to have sepa- __ 

e are traffic patterns—maybe even a separate taxiway system. 
ie Why n not consider bringing general aviation planes closer to the terminal x na 
If this is not possible, why not devise a means to bring the passengers of these - 
aircraft to the terminal building in short order? 
Sd And so we have another clear design in the pattern of the future—that of = 


‘major and expansion of but no significant increase 


facilities must accommodate peaks, not ot averages. ? Here is the heart of a iz 
problem. With elapsed flight times decreasing between points A and B, <q an 
passengers will more and more be concerned with departure and arrival . : 
times. In effect, the airplane moves towards becoming a commutation device. b.. 
No longer will business men set aside an entire day to make, say, a a 
This means that will more ai to peaks. 
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in about) —_ By 1970 we expect a doubling of passenger traffic. The quick assumption = | 
yel tract 

ge of 


view of this, at ona besis, been by 


¢ of us who have tried to a Friday night air reservations. And bad as A 


taking today’s requirement as a base, we to double our 
_ passenger handling capacity in the terminal, we are making a mistake. I | 
would put the increase at a factor of four because of the anticipated poking 
_ -‘The last design in my ‘pattern has to do with the planes of the future na 
their effects on airport design. points are suggested. ‘First, the creep- 
ing growth of runway length is going to stop. Public and community reaction | 
- to the cost and land use will cause this. > Second, the advent of VTOL/STOL | : 
aircraft is not going to modify airport requirements for some time. | This _ ; 
true because it will take some years before they are common and, more im- ¥ 
portantly, because the conventional aircraft of today has become a pretty ef- 
ficient load carrier. It’s simply cheaper to run along the ground to gain lift — 
for 3 your load than to go straight ‘up. So, as far as airports are concerned, the 
~wing plane of today will condition design for the fore- 
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pad al ENVIRONMENTAL PLANNING OF FUTURE AIRPORTS AND AIR BASES 

a- ft ail About three years ago in anticipation of the introduction of commercial a 


a ie airplanes, the operators of civil sizgerta, and those people who have an inter- 


the 7 that this new type of aircraft would have | on the airports and on the surround-— 
re- 


a _ When the Air Force first reviewed the airfield criteria, consideration was 
given to revising the glide angle from 1 on 50 to 1 on 100. Consideration was 
so _ also given to runway lengths up to 30,000 feet. Thought was given to placing 


ee all housing facilities at least two miles distant from the runway, and even to 


ia ‘the abandonment of existing ru: runways and of reconstructing them to a different 
orientation in order to avoid flight over populated areas. 


a If we apply the factors of noise, of increasing passenger volume, and of 


a | air safety against the airfield’s function and location, we note that environ- 

ew a. The volume of noise per take- -off should be greater around air bases 

a than at. civil airports, but the effect of noise should be more pronounced — 


around civil airports. This is because civil jets will utilize noise sup- 2 
_ pressors, whereas the military aircraft do not use suppressors, Ke 
wy we these devices degrade the performance of the aircraft. This. degradation 
_ is acceptable to civil carriers, but is not countenanced by the military 
a organizations. Efforts are being made to develop a suppressor which | i a 
will be acceptable for military use. The degree to which jet noise will 
be accepted around civil airports has not yet been fully tested. Ifall 
forecasts on passenger volume come true and if more reliance is given 
a by the military to rockets and missiles, the frequency (intervals) with 


Ras 
athe 


7” which the areas surrounding the airfield will be subjected to this noise 
_ a should increase at civil airports and decrease at military bases. How- 4 
4 F ever, the variables are such as to prevent any firm conclusions. 7 For Bh ‘ 


instance, passenger volume is increasing, but so is the load- 
Capacity of the aircraft. Which one will outstrip the other? It could 


Note: Discussion open until December 1, 1959. To extend the closing date one .e month, i i 
’ a written request must be filed with the Executive Secretary, ASCE. . Paper 2106 is i a 
i _ part of the copyrighted Journal of the Air Transport Division, Proceedings of the ae. 
American Society of Civil Engineers, Vol. 85, No. AT 3, 

© "Deputy ¢ Chf., | Master Planning Branch, Eng. Div., Directorate of f Civ. Eng. “> as) 
Deputy Chf. of Staff, Operations, Headquarters, USAF, D.C. 
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that, | because of the increased passenger - carrying of the air-_ 
craft, fewer flights may accommodate the increased passenger load. a 
On the military side of the “picture,” it is conceivable that the airplane : 
will lose some of its importance as a weapon, but may be needed to a 
greater degree than today to give logistic support to the missile bases. 
‘The omnes. of air traffic generated by the military organizations may vy. 


7 b. The military installation is not confronted with the large, steady, and . 


"increasing flow of automobile traffic generated by commercial aviation 
_? passengers. The military base is, however, confronted with two daily 
peak loads. | Both the airport and the air base generate a need for im-_ 
proved highway networks. The extent of improvement will depend on the 
individual airfields. Some : air bases, such as Wright-Patterson and | 
Cape Canaveral, impose extremely heavy traffic loads throughout 
day, with morning and evening peak loads. By and large, these are the > 
_ exceptions. . In general, automobile traffic will have a more telling ef- 
fect on the highway systems around airports than around air bases. os 
¢. . Both types of installations, in order to achieve safety in flight oper~ 


This control is one of land-use and of height of structures. _ © avy 

- Both types of installations generate a considerable development of real — 
estate in their vicinities. The nature of this development differs. 

— Around military installations it is of a personal services type; whereas, 
a _ = at civil airports it is principally of a light industrial and commercial _ 
~ type. In this respect, the major amount of construction activity will be 
—e. _ Relative to the furnishing of utility services, increased demands will im 


be made eee services by both civil and military airfields. 
_ we we combine all of the factors that have been mentioned, we then develop 


a single, over- ~all ne rae of compatibility | between the airfield and - 


_ the e neighbors to the noise and dangers associated with airfields, may force 


airfields to handle the pone and volume of traffic or because of resistance i 


the development of new airfields on locations more remote from the cores of a 
te cities. For civil airports, this raises the question of on-ground transit _ 
_ time from city terminal to airport. ‘It is definitely incompatible with the i 

lines’ efforts to reduce the time required to get the passengers from portal 
‘The final question becomes that of how to control the environmental a 
7 velopment in light of the factors that impinge on the environment and in light 7 
 tiTfwe depict the various factors on a map, showing the airfield and its its a “ 
surroundings, we develop a portrait (Fig. 1) showing the extent of influence 
of these factors. Flying safety and noise create an envelope, enclosing a large 
mass of land immediately adjacent to and surrounding the airfield, while Didaket 
_ vehicular traffic necessitates a series of lanes. The relationship « of these ue 
- factors to the surrounding communities can then be studied and ow 


‘measures, such as re-orientation, selective use, or complete relocation of 
runways, can t be considered. In conjunction with this analysis, zoning of all 
4 the land around the airfield and oe the new highways should be be sais 
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in coordination with a any existing zoning ordinances. it is __— meade 
for any agency, military or civil, to acquire rights to all of the landthatis 4 
adversely affected by aircraft movements. In recognition of this fact, andin _ 
‘further recognition of the fact that the air base and the surrounding community ae 
are interdependent, the Air Force, in order to promote an harmonious en- — om) 
vironment, has established some rather generous criteria for the selection al 
‘3 our air base : sites. It is felt that these criteria will serve and protect all 7 
interests. 2 Instructions have also been issued to all air base commanders ail : 
cooperate with the local officials in the n the development of m' of mutually beneficial — 
These, then, are the means for controlling the that oil 
; this environment will take is conjectural. It is evident, however, that ample — 5 
‘space under appropriate land control is needed to insure that the aircraft 7 7 4 
segment c of the transportation industry does not receive the criticism that is am 
increasingly | leveled at our the highway is, 


of the edge of built- -up communities within ten miles of the 
_ site, if such built-up portions exceed a population density of 1,000 per 
square mile with a total population of f at least 500 people. 
ey c. Insure that no residences and places of public assembly, or areas of a 
ie sensitive” nature are located within an area four miles wide by seven 
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‘that the total needs of the communities are — made a 


‘needs o of the automobile. ad 
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City, Mo. Here as we integrate the airport with the metropolitan plan oo 
Greater Kansas City we must strive for greater acceptance of controls 
= development which car. be proven to be in the public : interest. 7 
_ Greater Kansas City is a five-county metropolitan area astraddle of the ae 
state line between Missouri and Kansas containing two major cities of Kansas 
City, Missouri and Kansas City, Kansas. It is anticipated that by 1980 ap- 
_ proximately one-third of the 5-county area of 2000 square ‘miles will have =a! . 
= out from the two Kansas City’s to form an urban area of approximately | 


660 square miles. The urban area of Greater Kansas City accounts for about 
90% of the population in the 5-county metropolitan area and it is anticipated oa 
that this population within the urban portion will increase from 960,570 in 
a Kansas City has grown rapidly since the opening of the Municipal Airport ; 
in in 1927. This facility located less than 5 minutes from the Central Business | 

; District in 1957 handled over one million six hundred thousand passengers. ae : 
_ With 8 commercial airlines serving Kansas City, with direct connections to d 
i other urban areas, Kansas City is ranked 11th in aircraft operations _ oe | 
- (scheduled airlines and itinerant planes) and 16th in enplaned passengers. _ = 

: Kansas City’s position in aviation has been greatly enhanced and its a 


importance assured by the establishment of a second major airport, the Mice 
- Continent International Airport, which is also owned and operated by the a 
a _ headquarters of the Central Air Defense Force 20 ‘miles south of Downtown 
Kansas City and a former municipal airport; and the Olathe Naval Air Base, © 
are located just outside the 1980 urban area but within the metropolitan area 7 : 
Considering employment in manufacturing of aviation equipment, in federal 4 
the fou supervision from Kansas City, in airline activities and operation of @ 
the four major airports, the total employment in aviation activities in Greater 
Kansas City in 1957 was in excess of 21,000, or approximately 5% of the grand 


Note: Discussion open until December 1, 1959. To extend the closing date one month, a 


a written request must be filed with the Executive Secretary, ASCE. Paper 2107 is 
= of the copyrighted Journal of the Air Transport Division, Proceedings of a 
_ American Society of Civil Engineers, Vol. 85, No. AT 3 3, duly, , 1959. ae 
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- of employment in the metropolitan ares. 1 is eutnaignet that this to total : 


‘The: new Kansas City Mid- Continent Airport was 
Kansas City in 1953 and 1954 at the time that the Grandview Municipal | Air- % 
port was made available to the Air Force for Richard Gebaur Airport. Itisa 


"port, the Richard-Gebaur and Olathe Airports. A strong topographic 
of the river valleys in our areas Serene the selection of a new site north into 
the upland area of Platte County. , This is fortunate in that a rural oriented — 
county which has been arrested in urbanizing because of lack of adequate 
- highway river bridge crossings, thus provided a somewhat virgin area in which 


port was established. The airport has been developed with a north-south run- 
- way of 6000 feet, which is now being extended to 9000 feet. An east-west taxi- 
: way at the south end of the runway provides access for the TWA Overhaul 
ap. Base which is the first tenant of the property at the southeast corner of the 7 
7 _ site, as the first stage of developing aviation oriented industry in a planned re- 
_ lationship to the future operating airport. Though the full development plan a 7 
for connie facilities is still being developed, the ea east-west taxiway serving = 


7 the pattern of urban development could be guided after the location of the air- 4 


between and future north-south runways. pe 


_ Our City Plan staff developed data for a traffic consultant who had ‘the i a. 
- expanding traffic information secured, in a 1957 origin and destination = 
trafficway survey, to forecast zone to zone traffic movements anticipated in 
- 1980, and then assign these traffic movements to the freeway and major _ 
thoroughfare system. Therefore, it was essential that we develop an antici- 
pated pattern of future land use for a 1980 urban area, the outside limits of 
a _ which became the cordon area for the “internal trip” traffic analysis. Thus 
< _ With a future land use pattern fixed we also provided t the zone > by zone infor- ow 
mation on 1957, , and estimated 1980 redistribution of population and em- cea 
- ployment; persons in labor force; volume of retail trade; and relative income _ 
-_ Such study shows the suburban growth that is ; anticipated within the limits 
. the:1980 urban boundaries whereas the old established central cities Bs 
— ‘Kansas City, Missouri and Kansas City, Kansas will grow very little: within . 
their old limits, although Kansas City, Missouri has met the problem 1 with an 
aggressive program by extending its corporate limits. The unincorporated 


, ¢ areas in Clay | and Platte Counties w within | the 1980 urban area are W within future 


an 


* in 1957 to 41,625 in 1980 i isa conservative 30,337. Therefore, it appears that | 


the immediate danger of overrunning the airport with suburban growth is 
2 : slight. (This anticipates that in accord with national trends there would be a 
Overall increase in the 5-county metropolitan area from —.. 
1,000,000 to 1,450,000 from 1957to 1980.) 
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in relation to air traffic patterns of the Municipal Airport; the then operating ol 
oF 
a 
q 
4 
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4 
4 
t and tributary area would be taken into the City’s service areas. Because 
a a he relative drawing power of other portions of the urban area, the popu- of = 
n crowth in the e County urban area adioining the airnc om 
3 
| 1957 within the 1980 urban area. These are the major industrial, commercial 


and public and semi-public districts, which are expected to continue to be the 
dominant pattern in 1980. In 1957 these districts accounted for an an employment _ 

of all types of approximately 270,000, which represents about 80% of the 
340,000 which is the 1957 employment within the anticipated boundaries of the 
1980 urban area. 1980 it is forecast that employment within these 28 
% major centers will increase from 270,000 to approximately 360,000 for a gain 
le of 33% increase over the 1957 employment. (There are about 45 other centers be 
ns old and new distributed throughout the 1980 area but principally on the peri- — - 
in phery. These are lesser centers, primarily retail, planned industrial, or ak 
cultural in character, which have a potential for development by 1980. They 
will account for 12 to 15% o of the total of all types of employment estimated to 
Employment at Mid- Continent ‘International Airport is primarily at the 

. TWA Overhaul Base in 1957 and accounts for 4000 people. It is estimated that 
a the development of administrative, recreation and service functions of a fully &§ 
Mr operating airport, and the further growth of specialized or controlled indus- — 
will increase the ‘employment to 11,000 to 12,000 by 
The iupestanne of the Central Business District is pointed out, which as 


provide employment for 85, 000 by 1980. This is the area ¥ within the Central 
Business District Freeway Loop and freeway construction and sedevelanmect 
_ projects are well advanced to assure the continued prosperity and develop- = 
_mentofthe Central Business District. 
is Another 80, 000 to 100, 000 workers are located in adjoining commercial and ‘ 
the | Central Business District. As this acc accounts for over half of the « em- aad ; 
_ ployment in the entire urban area in 1957 and it is anticipated that this en 
lationship will be maintained in 1980, these areas provide t the principal gener- i 
ator for traffic to and from the Municipal Airport as well as the Mid- Continent — 
_ Thus we see that we have the extremes of coordinating land use patterns. © 
_ The Municipal Airport, one extreme, 3 to 5 minutes from the center of down- 
town, with a 7000' runway extended the full limits of the restraining river 
levees, and flight lines in tight relationship to the Central Industrial District _ 
and high structures, high value, central core of the city; and the other extreme 
of a Mid-Continent International Airport set down in an undeveloped area 
where advance planning and i adequate c controls can prevent a reoccurrence of 
Parts of designated federal Interstate Routes provide five radial freeways © “at a 
‘from the periphery to the Central Business District. The designation « ofa Io om 
_ Circumferential Freeway on the federally supported interstate system also » 
3 ae the time distance for crosstown movements to the new Mid-Continent © 
International Airport. The Municipal Airport is only 3 to 4 minutes from the | a 
center of the CBD or the City Hall, by use of the completed intercity freeway hy 
and new limited access Broadway Bridge and approaches. ‘The freeway con- | 
~ struction is | nearing completion in Clay and Platte Counties north of the river : 
ie and the Mid-Continent International Airport has direct access by freeway from ne’ 
the CBD. Though ‘slightly over 14 miles by airline the Mid-Continent Inter- 
+ national anos is 16 miles by yng but can be reached in just a few a.) 
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Pa 12 miles apart but will be joined by freeway upon completion of another link Bn. M 


Preliminary master planning has been forward by the City 
‘Commission staff in Clay and Platte Counties, for the Missouri area north of 2 pre 
the Missouri River. These studies of land use and transportation needs were Wo! 


started about 1 12 years ago. The first annexation by Kansas City, Missouri, | sal 
“ofa a 19- ~square mile area in Clay County, took effect in 1950. a However, plan 


each is made up of a number of ser around the 
7 elementary schools. Industrial land area is concentrated in North Kansas the 
City and in other river r valley districts, and in the decentralized Claycomo 


« industrial area. It is s contemplated that a planned industrial park of 1500 to 
2000 acres can be developed immediately south of the Mid- Continent Inter- — 


_ However, such district would not be extended west into the approach planes — 
or transitional planes of the runways at the airport. The master plan indi- 
cates holding the approach planes of both the north- -south and east-west = 

ways in a non-residential or agricultural use. It is believed that zoning con- 

4 ‘trol and 1 refusal of approval of subdivision plats in these areas can —€_ 
them for the next few years : against development, though it may be senaegeres de 
eventually to recognize the need to control these areas through payment of S 


development | Tights, offer tax abatement or r develop portions of the areas in 


proach zones to the south and southwest of the airport north-south runway is 
very rough topography and not readily adaptable to tract q 
i is not true of an eastward projection of the east- -west runway. However,as 
= is generally high ridge land on the divide and therefore at the upper oe 7 
_ reaches o of two watersheds, sanitary sewer assessment costs would be = 
and this may y assist in holding land out of development. aus i eh, 
_ Before the Mid-Continent site was acquired in 1953 and 1954, , the right ca 
county ‘zoning was secured for Platte County. A County 
fees was founded and a Zoning Order of the County Court was adopted — ‘ 
- in September of 1954. Representatives of C.A.A. worked with Kansas City in — 
making recommendations to the County on providing adequate zoning pro- 
tection for Mid-Continent International Airport. The adopted ordinance pro-— pe 
_ vides through Sec. 21 District A-V “Airports” for zoning control for primary yO 
on and secondary airports. i, It further provides that ‘no other airport shall be 
located within 8 miles of a primary airport. . Though ; ‘a number of ordinances» 
a a handle land use and height controls by reference to federal regulations, the a 
bE height and use controls are spelled out in this section of the Platte County 7 
> 


~ 


P around the site is held to residential uses or other uses allowed on n adjoining 
_ land as a buffer for the more intensive industrially classified uses allowed i 
on the remainder of the site. This is a commonly applied technique inthe ee 
— industrial district and Kansas City concurred in this provision for the — — 
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"METROPOLITAN PLANNING» 

‘tei owned Mid- Continent International a in the interest of main-— 

taining good relationship with abutting uses. 
aa As we enter the Jet-Age of Commercial Air Transport there may be n new 
. problems of “integrating” the air transport use with other land uses, but it — 


would seem that here again a continuity of the planning function, when based i ‘ 


i = on a knowledge of the old but also on an awareness of the changing urban 2 


paling, will make it possible to up-date the guide plan. = 
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This p: paper discusses the ground of air passengers, visitors 
and employees between large civil airports and the communities they serve. 
The locations of airports within the communities, travel desires and modes 
of travel of people going to and from the airport are all examined. Relevant — 
: information pertaining to 25 large airports in the United States and 25 in other 


_ countries is presented. There is a concluding discussion of the implications _ 
. of - topic toa 2 community concerned with the ground access to its 3 airport. 


hay he Topic 
7 A journey by commercial air involves 
use of a series of interrelated travel modes (Fig. 1). 
With the increasing speed of commercial aircraft and consequent shorten- 
ing of travel time between airports the percentage of the total origin to desti- 
= journey time spent on the ground is becoming steadily larger. Already _ 


on such trips as Manhattan to downtown Boston or the reyes 7 Loop, or ‘from 


= 


travel will reach inaede of Mach 3 this disproportion will become still larger 
_ and even on transcontinental or intercontinental flights the initial and final __ ; 

_ ground stages will require a major portion of the journey time. In addition to to. 

the passengers the needs of the many other people going to and from the air- 

_ port must also be considered. It, therefore, seems worthwhile to examine a 
a this very necessary and time- -consuming part of the total air transportation | q 
Bites In this paper the authors present a qrenrel analysis of the ground _ 


r.. Note: Discussion open until December 1, 1959. To extend the closing date one month, a 
iad — written request must be filed with the Executive Secretary, ASCE. Paper 2108 is 
ee: part of the copyrighted Journal of the Air Transport Division, Proceedings of the ” 

American Society of Civil Engineers, 85, No. AT 3, July, 1959. 
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transport problem, data from numerous here 
and abroad. This study will exclude transportation of and will be 
; 

7 “Fifty large airports were selected, 25 in the United States at cities classi- 
_ fied as “large Hubs” by the Federal Aviation Agency, and 25 in other enuateies 
on all continents (see Tables I and II). A questionnaire directed to their 
managers brought almost 90 per cent replies, many in considerable detail or re 


much ‘supporting material. There was additional correspondence with 
_ these officials, as well as with other public agencies, consultants, etc., supple- 


mented by personal interviews and first-hand observations by the senior i 


author at many of the airports, both in the United States and elsewhere. Most | 
Fg of the collected information was general in nature and did not lend itself to - 
statistical analysis. The tables presented in this paper summarize much of : 
the pertinent numerical data. Many airports had no numerical data on =o 
_ One inescapable conclusion is that only a few cities have made systematic, 7 
detailed analyses of the characteristics of ground transportation travel to yale 
_ their airports, which seems somewhat surprising in view of its essentiality _ f 
and of the large sums of money being or to be on 


their 1 nature airports ret require | a lot of land; in all but a> very few cities 
P — it has been necessary t to go some distance out to find sufficient space, with 
i a many more recent airports being located ever farther away from | the com- ry 
<ie Distances from the central business districts to airports in the United a 


States (Table I) ra range from 2 to 30 miles, with a typical order of magnitude of to 


” to wu miles. Elsewhere (Table II) they range f1 from 3 to 21 miles, with most — 


—— 


+ 
- 


ty, 1988 ars | AT 
— 
— 
— 
— 
— 
— 
— i 
— 
— 

| 
— 


oos 


i) 


a 


.. 
sSauTsng 


¢ 
$s pu’ sa } 


a — 

ma 

| 

| 

— 


der of 


or 


(STEW) 


OWTL T 


area. 


Ssautsng 


] 


ly not 


d 


an 


Busine 


404 


taurar 
or return 
come fro 


 Visito: 
e 


» bu 
proceed ¢ 
a 
Visitors 
res 


or clo: 

if 

a 

4 


there on 
area, 


centra 
office 


lik 


‘SHIVIS GHLINN=NON 


$}9TIZSTO 0} sz 


sadueysTt 


£3 


BD 


= 


Zanqseuueyof 

MOL 
utTI}zUTOD 


ITY souang 


10 


= 
zee 


eee... 


‘Business 


= 


ee Each air pa passenger going to | or from the airport on the e ground is at one eof - 


tad _— of | people traveling for such personal reasons as family visits, recre- 
ation, sightseeing, | etc., ., most probably originate at their home, which may be a 
located anywhere within the community. Only a small number will be living 
in or close to the central business district or have a desire to pass through — 
there on the way to the airport. At the destination city the personal traveler 
may go to a home in any part of the community, or to a nearby recreational 
area, and only in some cases to a hotel in the central business district. a 
Business travelers at the origin city may proceed to the airport either di- — 
rectly from their home or else from their office, which may be in the central _ 
business district or otherwise, with the steady suburbanization of industry, _ =. 
‘somewhere else in the community. _ At the destination city they will go to a / 
place of business either in the central business district or perhaps in a de- 
‘centralized location. Upon return to their city of origin they may go to their 
Office, but frequently such return will be after business hours and they ey will 
Ci Visitors to the airport going for sightseeing, entertainment, t 


restaurants or to bring (or fetch) air | travelers will will probably not leave from : 
oF return to a place of business, 7 not on weekends, but rather will 


Zurich 


, | of them from 5 to 15 miles away. Corresponding travel times are in the : 2 © 
order of 20 to 50 minutes or more in the United States and 15 to 40 minutes _ ee 
| Three distinct groups of people require transportation between the airport — iy ae eee 
all cases, by definition, one end of their ground trips is at the airport. 
The other ends, it will be seen, are not at such 1a single defined point orsmall = Sete 
| 
a 
| 
— | 
4 
7 
likely not in the central business district. While many of them will be ina 


‘interested in comfort a and convenience, as, for example, ona family outing. * 


ikem airports have many aiiiainee Only a few are flight evews, whe at 
their home city will live _ anywhere within the community and only in a layover 
city will perhaps go downtown for a hotel, unless they prefer to lodge nearer 
the airport. _ For the great majority of employees, their origins and — a) 


pes. An analysis ies on logic, therefore, leads to the conclusion that most 
ground travel to and from airports is to and from origins and destinations — . 
dispersed throughout a community, with only a — of such trips being to 

from the central business d district. 


_ _ The data obtained confirmed the foregoing reasoning. _ Such statistics as) 


were are presented in this paper as follows: 


Boston 
Minneapolis-St. Table IX 

New York (3 airports) Table VII Table x 

London (2 airports) Table XII 
Paris (2 airports) Table = 


and numerous other ‘cities. All were along similar and all 

this evidence was in line with the analysis previously presented. ~~ 
-_ _ The conclusion is inescapable: For all three > categories of people traveling 

between an airport and the community it serves, passengers, visitors, and 
alae. their origins and destinations within the community are widely — se 
_ scattered, with in the order of 40% of the passengers and much less of the 
_ total of all categories of people going to or from the central business district. 
Origin and destination studies of a large city typically show strong trip 
desires connecting the central business district and all parts of the com- via 9 
munity. It appears that a similar pattern exists for travel to and from the _ 
: airport. ‘It has also been shown that the typical large city airport is located | 
a distance from the central business district, often near or 


it can thus be inferred that only in so some | cases ases will the desire lines toa 
_ cential business district and to an airport coincide; for most trips they will _ 
be quite different. ‘This would appear to be significant to all cities © yleaning 


The next step will be to analyze ground travel modes. 
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FIGURE ‘IE SCHEMATIC DESIRE LINES TO CENTRAL BUSINESS 


Ground Travel. Modes 
It ha 


s been shown that the typical airport is located | to one side of the ce oe 
/ munity it serves, and that the desire lines for ground travel from it extend to 
* parts ofthe community, 
_ This appears to suggest that the most used ground transportation modes ~ 
; "will have to be types that can best cope with this diffuse pattern. Mass transit 
- should be least able to do sO unless its route also opnnesaee % with some other 


volume-price relationship is much more the automobile and 
taxi should be the most suitable of all. © 


ia The evidence strongly corroberates this eaten Table Ill shows that the 
private automobile, taxi and limousine are used at almost all airports from 
7 _ which data were obtained. Public transit busses operated to 80 per cent of 


them. On the other hand, there were passenger- carrying rail facilities at a 
only a very few airports, only one in the United States. 


nite Scheduled helicopter | 
“service, in effect a substitute for ground transportation, was provided in only 


of the communities studied. 


4-4 

ibs. Detailed numerical data as to modes used by air passengers were available ~ 
i from several cities (Table IV), and from a few otties as to the modes used by 


ay 
‘Only at London-Gatwick did a majority of air passengers use rail transpor- 
“tation to reach the airport. Brussels had almost a third such use. In othe 


cities almost all air passengers arrived at the airport in a rubber-tired _ 
vehicle, and in most cases in one transportation, the 
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Available to_and | to and from Airports 


cities exenined) 
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United States Airports 3 in n Table 
Almost All Non-United States Airpor ts in Table 
7 ss (operated by the airlines themselves at 


Public Transit Bus 


80% 0 of f Airports: Both ‘Tables 
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tors - Travel by Mode 
ur ishing data or 
“Percentage e Us Each Mode 
Public Motorcycle Boats _ 
New York-LaGuardia 


Amsterdan 


Table 
Employees - Distribution by 


Public Bus Auto or Bus Bicycle Other 


is-St. ‘Paul 


New 
San Francisco 
Amsterdam 


Estimated Usage by Nor theast Airlines Employees 
Drive Alone 46%, Carpool 28% 
Estimated Principal Modes Are Public Bus and 
Most ‘Employees Use Public Bus 
_ private automobile or the taxi. Limousine services provided such transpor- 
for a sizable percentage of air passengers, though in most casesless 
- than half; there was almost no data except from Paris as to how passengers — a 
reached the starting points of the limousine services. . Those cities with high 
limousine patronage appeared to have low taxi patronage, which suggests that 


- significant Comneness in costs between the two may have had an important | 


a 
| 
4 
3 
ion in non-United States cities, even in countries with strong 


ins ¢ of of Em lanin Passer ers 


of Origin ver nati onal LaGuardia Newark 
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Tabte Table VIIT 


San Francisco International Airport 
isco International Airport 


ounty of Ori Percentage of Passengers 


: 


rigins of Baplaning Passengers 
2 


Minneapolis - - Paul - Wold-Chamber lain Field 


&§ 
bere: ‘Percentage of Passengers 
1 


Areas Surrounding Loops 
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7 
at 


United States cities the airlines furnished this service themselves. “ Several _ 
airports abroad not furnishing figures commented that a significant percentage 
_of air passengers did not use these limousine services even when they were 
6 provided free. Some evidence was available that with the passage of years the 
Limousine, while holding its own was slowly | 


> The figures show that the public lent bus had small acceptance every-— 
Ww where by air passengers; personal o observation is that in mo: most cities a passen- 
ger would be hard- “pressed to accomplish ame to or from the airport by a 


zable | percentages’ and London coming by transit or 


, ao Again, little data has been assembled by various cities that were contacted, 
but what there is shows the automobile to be the largest single mode in the a 
“United States and the public transit bus elsewhere. 
To summarize, it appears from such evidence and opinion as is available ~ - 


_ that rubber-tiired ‘modes are predominant in providing transportation to and 


= 


a tt an airport for all categories of people using it. In the United States the — 
‘private automobile is pre- -eminent, with the taxi and limousine also — 


_ ‘tatlon whereas for visitors and employees a more significant role is played by 

sightseeing busses and public transit busses respectively. aie meets 

It might be asked whether people went by automobile because they preferred 
this to other modes or whether the other modes were so inadequate that they 
: to drive. _ No doubt the latter was true for ‘many individual trips. In the 


aggregate it may ‘not have been, especially for passengers, as 1s shown by the 
a Only a few cities have rail passenger links to their airports. In Boston, the 
only United States city with ‘such a facility, actual counts by the operating — -_ 
Ss have shown travel at the airport subway station to be very small. As 
- already noted rail has worked well at London-Gatwick and Brussels National; a 
at both these ; airports existing trackage could be used. The Gatwick terminal, 
7 fr instance, is directly over the heavily traveled London-Brighton line. West 
Bea has a subway station at the terminal L door, but no statistics have been 
collected as to the amount of use by e each c: category of the airport population, f 
_ and in any case its city-state character makes transportation there unique. ih 
a number of other cities rail links to the ‘airport have been considered. Ih 
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‘Table Table XIL 
London | London Airports 


Percentage e of Passengers _ 


Central and North _ Gatwick 


Central London 
Northeast Greater London 
Southeast Greater London 
Southwest Greater London 
hae Northwest Greater London 
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Table XIV 
Table 
hol Airport, Amsterdam 
— 


Percentage of Visitors 


"South 


Brabant 


oreign ies 


— 
— 
— 
— 
— — igin 
— 


of Northeast Airlines Emplo yees” 


an Airport Boston 


Boston, including East Boston 


Winthrop: 
Malden 


a 
t 


 Cambr 


Other (all 1% or less) 


Westchester : 


3 ars GROUND TRANSPORT 4 
oyees — 
| 
A 
wen! 


other points. - Studies in Paris showed that developing rail lines to serve the 
airports there could not possibly be economically justified and expressway 
facilities will be provided instead. A similar economic conclusion was 
reached in regard to subway extension or monorail construction to London 
 Central- North, 


‘This paper has the. ground needed 
link a community with its evidence strongly 


The airport is typically located well away the central 

2 ; There are several categories of people who travel back and forth ahead 
_— air passengers, visitors and employees. — eee 
6 3. Their ogee travel desires radiate from the airport to all parts s of a 
4. This travel is sesnnusiiied in most cities of the United States predomi- 
- nately by automobile, with taxi and limousine also significant inthe 
- _ case of air passengers, and negligible mass transit use by anyone. | 
5. In non-United States cities it appears that the automobile, taxi and 
limousine are also important for air travelers, the private oa 
: a and sightseeing or mass transit bus for visitors, and the mass transit 
6. Mass transit rail facilities have been provided at a few airports, eee 
= as a part of a line also serving other points along and beyond; these _— 
facilities have not been n uniformly successful as far as the airport travel 
‘ 1. | Finally, it has been found that i in most cities nn studies includ- 
ing necessary data-gathering have not been ground 
_ travel needs and desires at airports. é ee 


ortant im lications: 


not be justified at the present time as a facility to serve the iene ah 
alone, either economically or in terms of actual use, as much of the © 

travel to and from an airport has desire lines that do not - coincide with 

~ —~= Its best chance of success will probably be as a station on a longer. 

radial line from the central business district to other high volume Bo 76 

points, carrying considerable other traffic. 


* _ The predominance of rubber-tired transportaticn, when combined with z 
_ the rapid air transportation growth rate and typical low passenger __ 
efficient, per motor vehicle emphasizes that airports have to 
and expandable facilities for handling an and 


July, 1950 Pars 
4 _ stations on projected new major railroad lines primarily constructed to serve | 3. 
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“Bs system should be the best airport ground transportation link, as this er 
will best serve the rubber-tired transportation. = Srust 


4. The limousine operator is faced with a growing dilemma. LE Passenger 
sili travel desires require service to several parts of the community, but | 
to be satisfactory service has to be frequent. ‘This threatens to both in- 7 
crease costs and reduce load factors, creating economic problems. 
. In any case, it would seem that rational decisions about ground transpor- — 
tation should be based on facts. Few of the data necessary to develop 
- guch facts are available in most communities, even those now actively > 
planning or new and often expensive transportation links to 
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bert 
logical sequence in treating might be found 
in the answers to the following questions: 


i a - What has been, and what will be, ‘ae growth of the airline industry. 
What problems has this caused the ground transportation oper- 


» 


has the airline industry recommended as a means of 


ame these problems. ~ 
What has been accomplished. 
is the p pattern for the future. 
ee growth of t the United ‘States domestic airline business is shown a 
Fig. _ it is interesting to note that of the 703 cities served the majority of a 
these are cities of less than 50,000 population. Ground Transportation 
problems are not exclusive to the large metropolitan centers. 


4,083 
Seats Available (Daily) ce 900 103, 700 


Number of Passengers Carried 723, ,000 


Airlines Revenue Passenger ‘Miles ath 
Note: “Discussion « open until December 1, 1959. To extend the closing date one month, y 


part of the copyrighted Journal of the Air Transport Division, Proceedings of of the wer 
American Society of Civil 85, No. AT July, 1 1959. 
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nomic Controls group forecast that we will be 4,100 passengers, At 
a LAX, 4,000, and at the two Chicago airports, 4,500. ‘These figures, based on 
- our previous experience, will probably turn out to be quite conservative. 
When we add to these figures the passengers that all the othe other lines 2S serving 
these airports s will board, and when we consider that a comparable >» number ; 
will be deplaning, it is obvious that we have a large number of passengers to 
_ move in in all forms of ground transportation. — _ The airlines of the United States 
= spending m more than $2,000,000,000 on one of the biggest re-equipment © ; 
programs in transportation history. Airline seat capacity during this tran-— 
_ sition period v will increase by approximately 40%. We obviously hope that the 
number of passengers using these seats will increase in about the same ratio, 
However, any overall projection of passenger volumes only tells a part of the 
story. The real demands « on personnel coverage and equipment utilization are 
tied into what the airlines describe as “peaking.” As an example, during the 
‘ morning peak at SFC in 1961, our schedule calls fora jet peak of six airplan 
at the gates simultaneously. “Our peak for piston equipment will be nine air- 
_ planes. _ The maximum combination of two types of equipment will be ten air- 
: planes in some stage of loading simultaneously. As early as next summer, 
; jet departures are scheduled out of O’Hare Field by United Air Lines within 
40-minutes. Other airlines will increasing their schedules correspond- 
= 
_ At New York’s Idlewild 7 we estimate that by next summer between 
_ the hours of 4:00 p.m. and 7:00 p.m. there will be > a movement of between 4,0 
and 6,000 passengers for all airlines. This means a ground transportation © 
‘ capability will be necessary of between 800 and 1, 200 passengers during the 
i Secondly, let us discuss some of the problems which have faced the Ground 
"Transportation Operators. 
‘Airline ground transportation is a relatively new industry, but it is rapidig 
"approaching the status of big business. _ Practically the entire development of 
this industry is confined to the period since the war. In the immediate post- 
_ war period, the airlines were operating a relatively few 21-passenger air- “« 
planes, and ground transportation was geared to this volume. “Nine and twelve 
‘passenger “stretch out” limousines adequately provided for the demand. 
- Special stops to meet the passenger’s convenience were negotiated on an indi- 


vidual basis. to airport running times were at the mercy of increased 
‘both: competing with and complementing each others s services. " Some of these 
‘Taxi cabs must | be made available in sufficient numbers to provide | for the 
individual requirements of our passengers. Hire cars or livery service _ 
; _ formerly occupied a prominent place at many of our airports, but their funct 
_ seems to be dying out rapidly. _ ‘The rental car industry is assuming an ever 
increasing place in our service to ) airline passengers. As an example, there 
approximately 3,000 rental cars maintained at the Miami International 
ss Airport to meet the demands for this type of f transportation. © A large segment 
; = the traveling a" is either delivered to the airport or met at that ge 
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the © the increased patronage and availability of ae limousine service. To_ 
a lesser extent, ee bus systems and commuter railways provide ol 


2 


aie 


not specifically classed as transportation, newly 
Helicopter Airways fulfill a similar function. Three major scheduled heli- “a 
ing copter lines are in 1 operation at Los Angeles, Chicago and New York City. ce 
er | Their business is increasing dramatically, and it appears that their place in > 


‘s to | the scheme of overall transportation will assume an ever increasing — = 7 E 


tates| cance. As an example, the helicopter lines carried 228,000 passengers last ~ 
_ Helicopter service provides the most practical approach to 
ratio, 
yn are 
z the 
plane: of franchised operators, a levy can be exacted on the basis of passengers 
air- carried. The current problem faced by many airports is an equitable means — = -_ 
: air- of handling taxi cab traffic. The AGTA, with justification, feels that compet -— 
er, sil ing forms of transportation should be subject to the same levies, which they | 
thin | must pay to support the operation of the airport. At many airports a charge 
nd- is levied against taxi cabs for each pick up they make at the airport. This = 
ee charge is either collected by a cab dispatcher or through some mechanical ac- 
ween | cess gate. _ There are many inequities in this system. The charge is the same, 
n 4,008 irrespective . of the number of passengers or length of the haul. Another wide- o 
ion |) Spread problem in the provision of taxi cab service is the fact that most air- — 
‘the | ports are on an open rank status. This means that during periods of inclement . 
oa weather, or during lull periods such as the midnight shift, taxi cab > availability . 
;round) is limited. The franchised limousine operator, on the other hand, has the fl 
- a obligation of meeting all requirements, no matter what the volume, at any 
ent of} |The day to day operation of airline ground transportation involves eee 
These agencies are the operators, the airlines, and | airport  manage- 
ir- 


| been successful. ‘The AGTA } points ont that as a transportation agency they | 
sed have always been subject to regulation by State and local Public Utilities Com- M 
- i missions. During recent years, this position has changed as the right to en- ol rf 4 
~s— franchise ground transportation operators has been given to airport manage- | 
ment on an open bidding basis. The emphasis on occasion proved to be on “is - 
unseen revenue rather than on demonstrated capability. j= 

_ The result has been a lack of permanent certification for our established +e 3 
ground transportation operators, and a corresponding difficulty in securing __ % 
the necessary capital to support a long-term investment in equipment. “i 


. Probably the single most perplexing problem is the one of multiple pick up 4 my a] 


and discharge points. When this industry was in its infancy, limousines were 
dispatched on a clear cut basis of one vehicle for each flight departure. In es 
some localities, this is still the basis of operation. However, increasing pee 
volumes and efficient utilization of equipment have dictated a change in dis- — 


major ground transpo ortation operators now operate 


4 
twelve 2t0rs are making some closely knit efforts to meet the passenger demand — 
ever q — if 
nal q 
>gment 
point 


convey 
leave at certain stated time intervals, and the passenger load on this bus may} ~The 
include passengers from many different flights on many airlines. limous 
= As volumes have increased at our airports, | congestion has been controlled 
by increasing decentralization of airline lobby facilities. The | result is either 
loosely connected passenger lobbies or, in the case of many major terminals 4 
~ now being built, completely separate unit terminal facilities. This « decentral- 


ization means that stops must be made to discharge passengers at many sepa- 
rate points. Obviously, these multiple stops add to the time our passengers 
must spend in city to airport transportation and added expense to the ge 
transportation operator. One operator states it this way—“We ; are at the 
: — * similar problem exists in airport to city running time. A few weeks ago, 
_ boarded a limousine in one of our cities. Running time to the downtown area 
was approximately 30 minutes. However, the pattern of one-way streets in | 
the downtown area was such that my hotel was the last of f approximately seven 
stops being made to discharge passengers. Asa result, a little more than 
thirty additional minutes were spent in discharging all these passengers, mak 
ing the total ‘running time in excess of one hour. This experience has ‘many 
A composite effect of the many competitive aspects of the ground tra spor- 
tation problem has been in the declining percentage of increasing airline 
increasin 
traffic being carried by the established operators. | 
As an example, some years ago United Air Lines operated a scheduled _ 
me _ limousine service from Post and Powell Streets in San Francisco to the Air- 
- port. At that time, , approximately thirty per cent of all passengers leaving 
_ San Francisco used this limousine service. In January of this year, scheduled 
limousine service began from the new downtown terminal just four blocks 
vr Approximately thirteen per cent of our boarding passengers have used 
this limousine service. This illustrates one of the majortrendsinthe ~~ 
_ scheduling of ground transportation. As these major cities expand, and as air} 
_ transportation is used by a wider segment of the population, our passengers 
are increasingly dispersed. This dispersal creates a complex scheduling 4 


problem for ground transportation operators, and the private automobile is | 
taking an ever increasing amount of the business away from omthem. 
Consider thirdly, our recommendation to the AGTA. BRE 
% Last year, the airlines made a number of suggestions to the AGTA, outiind 
ing areas where we think improvement in procedures is needed. Our desire i 
‘ was to alert them to the greatly increased volume and peaking to be expected 
. _ with the advent of Jets. We further recommend that Ground ‘Penmapeataians q 


Operators | sell tickets to passengers in | advance of boarding. _ Collections: are 


suggested that the Industry embark on a program of advance fare collection 


Another area in question is baggage handling. We suggested that equipmen 
wherever possible, should provide space for a certain amount of carry- on 


as well as better space for protecting luggage from damage. Ad- 
ditionally, baggage tags should be color coded by area to assist in handling 
1 - after arrival at complicated unit terminals, where successive stops must be 
made to off-load passengers and baggage. At cities where downtown tormi~ 

’ nals provide full check- — joint facilities to route baggage to the airplane 
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“just at SFO, at ‘the sidewalk | 
conveying ittoastagingareaontheRamp. 
The airlines also touched on the necessity of ‘providing clearly j identified 
limousine dispatch points and improved information to the passengers. The y 
major question any passenger has in using Ground Transportation is, “Where ~ 

and when do I board the limousine to the destination on I want?” ee ae oO 
ae _ In considering the fourth question, “What has been accomplished?” we #f 
have asked some of the leading Ground ‘Transportation C Operators for their ee 

laa Mr. Moe Lerner, President of ye ee Inc. of Washington, D. C. 
_and Mr. Theodore E. Graff, President of Airlines Limousine, Inc. at BD 
% Baltimore, Maryland, last month announced the e purchase of a new fleet of Bsn 

We understand that— —Carey Limousine Company of New York City is also P. a 
~ planning the the addition to their fleet of a substantial number of similar ilar type aa 

addition, local inter-terminal usage, they are planning the purchase 
several Mercedes Benz busses with a a capacity of thirty passengers. 


7 loading and unloading of baggage. There is also adequate space for 

i i Mr. P. J. McNamee of Barrett Transportation, Inc., — Francisco, tells Bist 

_ us the cashier system of selling tickets has been in effect now for a year and ai j 


the result is a smooth orderly loading procedure. = = rile 
- 4 Developments in this industry in the last 15 years have been startling. | 
_ Last year, operating members of the Airline Ground Transportation a 
ation had well over 1,500 vehicles in service, with gross revenues in excess . _) 
of $30,000 ,000. The ‘nine and twelve passenger stretch outs are being re- bo 
placed with Flexible and GMC buses seating three to five times as many ue 
passengers as before. Pick up points have been centralized and combined in 

_ downtown areas, as an antidote to congestion delays. Downtown terminals, | 
providing check-in and ticketing, have been built to accommodate our passen- 

gers. Running times have in | turn been reduced as limited access errr 

ere opened in many areas. aie 
Running time, for twenty- five minutes at San tis 
also twenty-five minutes at Newark where the Westside Terminal was >i 
with direct access to the tunnel and freeway to the airport. . There will be a 
similar result for our O’Hare passengers in Chicago as soon as remaining 
_ Segments of the Northwest Expressway are completed. = = ~~ 
Consider ‘fifth and last, if you will, the pattern for the future. 
Hae To the Customer’s point of view, Ground Transportation is an all inclusive 
package, meaning transportation from the airport to centrally located areas _ 
in the city or or his | home. it includes nc not only the franchised operators  . i 
limousines and buses, but also the taxis, U-Drive cars, private automobiles, 
bus services, even Helicopter service. ‘Ultimately, the public will 
| dictate the type and standard of service to be provided. by: eet ita 
addition to all these types of g ground 
. Froaches exist which have not yet been given a practical test. In general, — 
R possibilities are tied in with a fixed and exclusive right of of way. These _ 
rights of way can be broken down into ‘subways, surface trains, 01 or monorails. 
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They all have one common, over- riding disadvantage. of 
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_ tremendous sums cutting across City, airport and airline jurisdiction are in- 
volved. Ideally, this type of ground transportation would offer tremendous 
_ advantages, since traffic delays could be virtually eliminated. _ Additionally, — 
we could handle check-in and ticketing en route because of the greater stabili- 
ty of this type of transportation. Monorail, particularly, captures the imagi- 1 
‘nation, but a number of efforts to install such a system have run aground be- 
_ Cause of the capital requirements involved.* Lockheed Aircraft Corporation — 
has recently announced plans to build a Monorail system to carry passengers 
= to the Century 21 Exposition in Seattle in 1961. The system will operate one 
x 4 mile from downtown Seattle to the Exposition site. Cost is estimated at 
$5,000,000. | There are other examples of Monorails such as the one you built 
right here in Texas. We understand there is some activity at Los Angeles in 


We We believe that your major concern as you become involved in the planning “5 
and en engineering of airports to service airline jet operations will be with the a — 


operation of our franchized ground transportation operators. Rental cars and 
private automobiles will | naturally require extensive > parking and access facili- _ been 
ties, but these requirements can be anticipated rather accurately. Addition- 7 
ally, the revenue from these classes of ground transportation can be directly 
applied to the parking facilities provided to accommodate them odin atabee: bf 

a. We have sg} spent a great deal of time here in outlining many of the problems 
jointly faced by the airlines, airport management, and the ground transpor- = 


tation operators in providing effective | service for our passengers. _ ‘There is 


_ no single industry-wide or Nation- ‘wide answer to these | problems. aad ; 
should our approach be? We believe that these scheduling and 


‘service problems vary so much from city to city that joint local action to de- 


velop the best possible service under local conditions has the best chance of 


success. Toward this end, the airlines and the Airline Ground Transportation — 

Association have sponsored the organization of local ground transportation 

committees. Representatives of airlines, airport management and the o oper- 

_ ators meet at frequent intervals to discuss baggage handling procedures, “mob 

= complaints, and — which can be done to improve the pattern of 5 to 

There are other long- range measures which have a wider application. Dis- tato: 

gies of these problems with your group illustrates one approach. We need fair 

a wider understanding, on on the part of airport planners, of the place occupied etc. 

_ by ground transportation in the total air transport picture. We must treat it , ing! 


not just as a revenue producing concession, but as a public convenience and 4 ae 


necessity. Airport should include the fullest consideration for in- 


pal and State Highway groups. 
Most of all, continuing attention must be gi given to — entire area of Ground 


Transportation, if service is to keep pace with the made mak 

‘Finally, ‘no discussion of Ground Transportation is complete com- 
mending the operators for their fine Safety record. To be an integral part of "3 pene 
airline service, the ground operators must promote the same feeling of confi- i Note 


_ dence, know how, and service, that the airlines consider their major objective. 


This the ground | operators are doing. We are pleased to see them plan for an 
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TRANSPORT DIVISION 
of the American Society of Civil 
-— PARKING FOR EFFICIENCY AND REVENUE AT AIRPORTS 


not been given the consideration to which it is ‘entitled. tendency has 
been, and in many cases still is, to twent it as something quite —o 


; they need large open spaces that are not surrounded by high structures. To © 
5 find ideal locations we must therefore go outside the thickly populated areas ql 


and frequently we find ourselves away from surface transportation networks. 
_ result is that a very high percentage of people visiting airports arrive in 


It is interesting to note that the ratio of automobiles to spectators os as z 
oo “revenue passengers for a given airport remains at a fair constant. pew 3° 
‘For example, over a three-year period of operation the ratio of auto- Te a 
mobiles to spectators and revenue passengers remained at a . constant of from - i 
to 5-1/2 persons per car handled, atagivenairport. 
re Thus it can be seen that if the number of revenue passengers plus spec- it 
tators can be calculated the number of cars which can be expected can Se 
fairly well evaluated. From this an individual airport survey of flight loads, — . 
= will give the approximate number of stalls necessary to handle the park- 7 
Users of airport parking facilities are divided into two categories 
t ‘One is that of the paid parking, and the other the airline employees and con- a. 
-cessionaires who go to make up the permanent family at the airport. Ofthe 
“two it is apparent that the major share of the revenue must be derived from | 
"the first group. The opinion is expressed that the paying public should be an 
Bsc every preference as to location, and other considerations that go to we . 
“make up a desirable parking station. 
Since we are concerned with revenue, we are interested in the net return 
as well as | the gross. . If our employees’ parking area is so located as to be © 


Note: _ Discussion open until mescatier 1, 1959. To extend the closing date one — 


| a written request must be filed with the Executive Secretary, ASCE. Paper 2110 is 
<a of the copyrighted Journal of the Air Transport Division, Proceedings of 
American Society of Civil Engineers, Vol. 85, No. AT 3, July, MBAs « o54>, 


Secy. Enterprises, Los Angeles, Calif. 
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1959 

blic will endeavor to use it, unless it is staffed 
at all times. This is costly, peeenany when this staff will produce no reve- 
Staffing is generally unnecessary, if in the planning we arrange 


“vat 


‘quired. _ Here we want the most destuatie location available. It should be as 
conveniently located as possible with consideration given to walking distances, 
areas through which people must pass : after parking their cars, and | accessi- . 
: — should not be forgotten that the parking public ; are — ones s who bring the 
or ‘primary ‘money to the Airport. Parking revenue is not all that should be con- — 
sidered. Other revenue is dependent upon the treatment received in the first 
‘ instance. We in the parking business have learned from long experience that 
no one likes to walk over 600 feet to his final destination. With this in mind 
_ every effort should be made to put the parking customer in r in as desirable “i 
One of the commonest errors in design today is to require the parker to 
_ ‘pass in front of the terminal before being able to enter the parking facility. a 
a _ This error is often further compounded by forcing the parker to follow the | 
a _ same route on leaving. This type of planning at least doubles the traffic Bess 
front of the terminal. Most of the public have been to the airport before and — 
Be estos an adequate parking entrance in advance of the immediate terminal or 
area. An exit equally free of terminal traffic is equally desirable. 
_ Even though we are interested in revenue, we must bear in mind that there 
. is a need for providing zones where passengers and baggage may be loaded - 
or discharged without the necessity of paying a parking fee. This be 
made possible without entering the parking premises. 
a The actual laying out of the Public Auto Parking is important. Angle park- 
ing is preferable, the degree of angle to be determined by the dimensions of _ 
; the area. Traffic should be one-way, within the layout, and all turns should , 
a be clearly marked. The traffic pattern should be such that the customer 
. following it will come to the exit without being confused. Signs are necessary, 
_ and they should be kept to a minimum. They should be legible, brief, and __ 
clear as to meaning, and placed at proper elevation. ‘There should be no ob- 
structions in the parking areas such as bumpers, curbs, etc. 
_ Parking areas must be well lighted with floodlights placed so that dark ane 
spots are eliminated, this tends to prevent pilfering and accidents. Special 
care should be given to lighting of cross-walks and other hazardous points. § 
Crosswalks should be flush with the parking area. 
_ The auto park surface should be paved with a good grade of asphalt or - 
and well drained. Special consideration should be given to 
problem of snow removal in areas where it may become necessary. + Pee 
Bi 7 Aisles and stalls should be clearly outlined with traffic paint, and direction- 


_ al arrows should be painted on the surface at strategic points. Booths for 

_ attendants should be placed at entrances and exits, and they should be de- 

signed with consideration given to efficiency in operation, appearance, the 
comfort of employees, and speedof service, 
_ Great care must be exercised in the selection of employees. Special ‘con-_ 

_ sideration should be given to appearance, mannerisms, diplomacy and general 

2 ability to meet and handle the public. Attendants should be dressed in neat er 
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AUTO PARKING 


ffed 

dollars will be handled by your attendants each car entering a 


ne public parking area should be accounted for, and can be with positive controls. “ey 
The new automatic devices being used m many places have drawbacks with : re- 
spect to control of overtime parking, 
ces, (ae _ Although there : is no way of determining the number of cars carrying : 
1 ¢ passengers and those bringing sightseers, or others having business at the 
lll ‘ airport, we do know that sightseers and visitors are responsible for a sizeable 
the portion of our parking business. . This fact is apparent since the inc reased — aia ; 
tet a volume of parking on Sundays over week days is quite out of proportion to the | 
rst - difference in the number of air line passengers. Likewise unfavorable weather 
ome on a Sunday greatly affects parking revenue, although it may not affect the a 
of passengers flown into and out of the airport. . Actually there isno 
= - exact yardstick by which the ratio as between the number of cars parked, and 


_ the number of passengers carried ci can be anticipated. _ The condition and | 


_ I doubt if there is any department at any airport which will produce as high 
Bs a ‘return on the capital invested as will the Auto Park. . When. you realize that — 
Parking is necessary for the of any it seems only rid 
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“local regulatory system. 


TRANSPORT DIVISION 
ee of the American Society of Civil E See: 


THE | FUTURE. OF AIRLINE GROUND ‘TRANSPORTATION 


‘William J. Culbirth, J 


Twenty- -two ‘metropolitan areas in North . America presently develop ex- 


cess of 65% of the total dollar volume of domestic airline ground transpor- 7 


tation. It is my understanding a very similar pattern exists in the airline — 


ppeeerotet business. _ While there are more than 400 North American airports 


_ enjoying commercial, scheduled airline passenger service, the services and 


these twenty-two airports, , proceeding o on the axiom that today’s problems at — at 


the large airports will be tomorrow’s at the smallerones. ~~ as 
_ Present airline ground transportation patterns are well known. in the large 


resultant problems we will discuss here today will be confined primarily = 


known in the industry stretchouts”, 
_ are employed. In each instance the service is analysed and provided in ac- 


cordance with the needs of the airline and with the 


Our problems break into three major yr categories: 


Operational. 


Communications : and understanding, 
Legal Problems 


passenger ‘transportation business. The California Public Utility Commission 
_ granted a certificate of public convenience and necessity on the basis ofa | ido 
contractual arrangement between the airport and the company desiring to hie 


: enter into the airline ground transportation business. This pattern has 7 My 
Bo in other localities. 8. The re results, whether openly admitted or not, are 


_ Note: “Discussion open until December 1, 1959. To extend the closing date . one ie 


: a written request must be filed with the Executive Secretary, ASCE. Paper 2111 is 4 
part of the copyrighted Journal of the Air Transport Division, , Proceedings ofthe ~~ 


iy Be American Society of Civil Engineers, Vol. 85, No. AT 3, — 
‘Pres., Airline Ground Transportation Assn., New York, N. 
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The | ‘paramount of the “utility. has been 
abandoned to unqualified commissions and persons. 
Airline ground transportation h has been placed in a position of con- 
“a4 cession and not an integral cog of the North American travel industry © 
* predicated upon the theme of public service and subj ect to the scrutiny 
and regulatory processes of the proper authority. This means anyone 
SS a desire and adequate finances can enter into a 1 public 1 utility with- 


out experience, trained personnel or know-how. What is worse, _the. am | 


airports and enters excessive bids. In the final analysis, it is you, the 
- _ traveling public, who | must pay these costs and herein you fir find one of 7 


the main causes of ground transportation being priced above similar = 


is the public who suffers. ica. 


Frequently the seat-in- or regular service, airline ground transpor- 
a tation operator does not operate the taxicab service at the airport. When this 
_ situation exists there is naturally somewhat of a competitive spirit existing — 
between the two phases of services. Inno ) way are these remarks meant to_ 
a imply there is not a definite need of both types of services for exactly the ie 
opposite is true. The A.G.T.A. recognizes the need for both er of services 
the passenger should | be able to make his choice. 


_ However, more and more airports throughout North America i ares giving - 


| is way to pressure brought upon them and making the airport what we know as 
a a “open stand” pickup ) points. In simple language, this means any properly — 
14 licensed vehicle can pick up fares at the airport. In doing this, two maanaies 


365 days a year service. The results are that during nae sani weather 
conditions or hours.of peak taxi usage at points me than the —_ os 
there are not adequate taxi services available. 
To date, an economical, or equitable, means of collecting fees from 
taxicabs for the right to pick up passengers at an airport has hot been 
"devised. Some airports have installed a mechanical toll gate where am 
taxicab driver inserts a quarter to permit him to enter the loading zone. 
om A This quarter must be paid whether one person rides the cab or several. 
ated The same quarter applies whether you ride one mile or twenty. Other — 
airports have no fee for taxicabs whatsoever. _ In any event, the airports 
a using either of these methods establish unfair competition for altiinaive 
' i passenger patronizing the regular ground service and the ground service 


_ In examining th these operational problems, it is easy for the most inex- _ 


a. “The contractual ground to not only the 
peak hours of service during the day, but also stand ready to serve all 
= A passengers during inclement weather. This is uneconomical and unfair, 


particularly when inequities between 
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specifications to it insure t the public of a economical, ade-— 


quate transportation, whether by taxicab ¢ or the regular ground —— 


va Now let us look at the immediate future. Airline capacity for the e transpor- 7. 7 
tation of passengers will increase about 40% in the next two to three sited 
"during the transition from the “piston” to the “jet” era. 
ia It would seem to follow, if the airlines will do 40% more business, —_? 

ground operator can expect 40% more passengers. Our surveys don’t bear 

- out this prognostication. At the outset, the air travelers were pretty well 
destined to downtown area. As airline patronage increased, the ultimate desti- — 


nations of passengers were dispersed over a wider and wider area. . The ‘ea - | 
_ tempo of this dispersal has stepped up considerably during the past two years. 

‘if airline ground transportation is to keep pace with the airlines, ways a and - 

_ means must be provided to take the passenger more places and as close to i. 

his ultimate destination as possible. To do this, the } system must encompass © 

e minimum number of stops and cover a wider area. “he ean 

a this end experiments have been carried on these past three y years with 

i routes going into certain suburban areas. When proper planning and common 7 


compass a greater number of suburban routes. 
wa Faster airplanes \ with greater carrying capacity will mean two ‘things: | (1). 

| More travel will be confined to daylight hours. (2) There will be a greater 

- concentration of airline departures during popular travel hours. In sitting 

_ with those of the various airlines responsible for the future scheduling of Ries 
planes, we have been able to set up patterns, which 1 will develop in the next — 

18 months, wherein 11 Boeing 707’s or their counterparts, the DC-8, etc., are 
to ‘depart from one airport within a half hour period. The airplanes have Seat- 
ing capacities, depending upon the configuration adopted, of from approximate- 
ly 125 to 155 passengers. This means a potential of some 1,200 to 1,500 
passengers, along with friends to see them off, will be making their way to. 

this airport during the 1 to 1-1/2 hours prior to the scheduled departure. If 

30% of these passengers were to use ground transportation, it would mean — 
equipment would have to be available to accommodate, during a half hour peri- 


= of from 360 to 450 plus passengers. This will probably mean the follow- — 
a a. In areas served or jet pigepast more motor coaches of larger ¢ carrying 
ag b. Coordinated schedules of ground equipment with specific flights will | 2 
ome probably give | way more and more to the ‘headway’ or scheduled anne BA. 
‘service. Our: surveys indicate passengers, when given the opportunity, a 
disperse themselves voluntarily in accordance with their own likes 
dislikes. Some people, by nature, like to allow themselves a great deal 4 


sa time, others are last-minute aiaatcnaael while most of us seek the road 


Concentrations « peak t travel will mean greater investment for 
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ate additional capital investments of major iin: This single factor, 
: al more than any other, will discourage the average uninformed a and un- q 
_ trained speculator who might believe the ground transportation | business 
a fertile field. It will do much to keep the ground transportation busi- é 
“J ness where it belongs; in the hands of companies and men men experienced i The 
qd. Larger fleets of for fewer hours a day, will make it strivin 
j important | for the ground transportation operator to diversify his oper- § proced 
ations, i.e., sight-seeing, etc., ina manner which will utilize his 
‘ 
es equipment and manpower during off-peak periods in order to continue to§ coach : 
a e. - Airport management w will have to recognize that airline ground transpor- servic 
_ tation is in every sense of the word a public utility and not just another 
oe “ta concession to be grouped with the news stand, drug store and hot dog — 
counter. Some common ground for sensible fees based on scientific 
Pik. formulae which enable the airport to have reasonable income, the public 
 # ai reasonably priced transportation, and the ground transportation oper- 4 
aor a reasonable profit will have to be devised. Such formulae should 
ore _ encompass a mutual trust to permit the ground transportation operator 
ee reasonable assurance, insolong as he renders a good service, his _ 
ss gontract will be of a continuing nature. This will allow more orderly | 
planning, the ability to attract qualified personnel and to make the © 
_‘Recessary capital investments. 


a. ‘The | ground siaaiieahihian operator has had to face facts that have brought 


Helicopters as they are at the present and anything on the 
i boards, are too expensive to run and there are too many operational | 

a problems involved to seriously consider or contemplate the use of heli- 

- copters for the mass movement of passengers between downtown areas 

nia the airport. Just attempt to consider the number of aircraft re pide 

7 m. quired, the flight patterns these aircraft would create and the expense - 

involved, to name but a very few of the problems, to properly handle a 

u — only 1,000 passengers during a a peak hour, and you will start to see the 

iv. _ <a reasoning behind this decision. Couple these with the cost of operation 

: is i. —somewhere between 20 to 30 times the seat cost per mile, depending 
ta upon the formula applied, as compared to the cost of a modern motor 

coach and you realize the economics involved. 


a a determine the merits of ‘this form of transportation for airport service. 
‘Their "recommendations, in in short, ¢ disclaim t the practical application of 
mono-rail service for airport service under the proposals made to us. 

Sear Thus, the A.G.T.A. has adopted a resolution against further consider- 


5 *4 gy The standard complaint about gr ground transportation has been that as asthe 
at 4 aircraft became faster the ground service became slower. This is not ae 
a out ut by th the facts at the majority of major airports. Ground service speed has 
Te improved o over the years, with air speed. The San Francisco service and 
% as 4 Newark Airport are just two examples where turnpikes or freeways have re- ) 
duced travel time more than — Thos, as we look forward to the future 
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we will fi find th the | Limited access and thoroughway type of hig’ highway construction — 
playing a | major role in reducing airport ground transportation time. ‘ee har a =. 

_ We are presently working on automatic ticket vending machines which will | - 
be strategically located at terminal areas to speed up fare collections. a) 


d - The A.G.T.A., in conjunction with the Air Traffic Association Committees © a 
| on Ticketing and Baggage and Airport Terminal Services have been valiantly 

_ striving to improve baggage handling, loading facilit facilities and general operating 
; ke Plans have been devised to not only inaugurate c ‘certain suburban mo or . 
e to ‘coach services, to be able to more widely render ground transportation 
_ services, but we have gone further than this through the coordination of our a 
por-§ services with rail and motor coach services already serving suburban areas. 
er a _ New equipment has been designed, and is presently under construction, _ 
Fa _ which will incorporate 6'6" high and 7" wide baggage loading access and egress” 
movable bulkheads which can accommodate quickly and adequately con- 
blic -tainerized or individual handbags and packages. These coaches incorporate 
— q more comfort for the passenger (air conditioning, improved seating, etc. ) and — 
id other innovations I am not at liberty to speak about today. 
or We have gone to the field of electronics to improve our dispatching and 


equipment control through the use of two-way radio, teletype, autowriters ond 
other up-to-date methods of communications. These are being tested now and 
put into use as rapidly as their tested reliability and applicability has been — 
it is our feeling airport to metropolitan transportation will long be } served — 
by surface vehicles and in most instances by motor coaches or their counter- 
parts. We do not have all the answers. We have experience, ingenuity 
intestinal fortitude, plus a great willingness to learn. __ ray 
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AIRPORT REVENUE BOND FINANCING 


Walter C. Cleave! 
me A copy of the National Airport Plan 1959 indicates over $1, 285,000, 000 as 


_ the e estimated cost of required airport developments for the anaes 1959 to 5 
Historically, just about every known method of raising money beenem- 
_ ployed to meet airport costs. There have been federal and state grants where 
~ repayment is required. General obligation bonds have been issued, which a 
bonds are payable out of taxes levied against all taxable property in the muni- — 
2 cipality. Revenue bonds have been issued payable out of airport revenue avail- 
e able after payment of operating and maintenance expenses. In this category, se 
we find Port of New York Authority, Chicago OQ’ Hare Airport, Denver, ~ 


Tulsa, Detroit-Wayne, Flint, Dallas, Boston, Atlanta, and others. 


even more pressing need for streets, schools, sewers, water systems, — i 
libraries, hospitals, and other essential municipal facilities. In some cases _ 
; there is not enough margin within the limits of their general obligation debt to 
go around. A substantial portion of the needed airport improvements will not 


eit Most public bodies that a1 are e likely to consider revenue bond financing al- 


will cost hundreds of millions of dollars. Most of them, however, have | an ee 


be studied and worked into any proposed program. _ All commitments must be 


‘protected. any prior ¢ commitments present serious problems to 
additional airport, renegotiation n may provide : a solution. eal 


In considering airport financing, it is my recommendation that ‘public 
officials who face the problem work with recognized airport consultants, — —— 
competent bond attorneys ‘and investment bankers that can demonstrate a good | 
record of revenue bond financing. Such a team can usually solve any financing 
Extreme care. care should be used in planning and developing the financing a: 
order to interest investors in airport revenue bonds. The investor has many — 7 
opportunities to put his dollars to work, | so if you want some of these dollars, 
_ Note: Discussion open en until December 1, 1959. To extend the closing date one month, 7 : 
a written request must be filed with the Executive Secretary, ASCE. Paper 2112 is B : 
ee. part of the copyrighted Journal of the Air Transport Division, Proceedings of the ae 
Society of Civil Engineers, Vol. 85, No. = duly, 1959. 
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ae hand issues marketed in 1958 totalled $1,772,000,000 and 1959 1 may pein or _airpor 


Te 
i. y: Care should be used in planning « each bond issue SO that future 1 needs can can _ advanc 
_ There is no point in devoting any of the few minutes 3 allotted to me to the —- 
‘discussion of federal or state grants, or tax ‘Supported bonds. I feel that the _ this m 
time has arrived to reconsider the security pledged to the payment of interest) Way to 
and principal of airport revenue bonds if we wish to develop a broad market § Claims 
_ and place these bonds in an investment category | that | will provide money at q i ; Thi 
_ Relatively few airports have been financed through the issuance of revenue b3 is ren 
bonds. Moody’s Municipal and Government Manual 1959 lists the nomic 
having 1 issued airport revenue bonds: gor 
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n addition to the above should be added Chicago and Tulsa, 
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Be up so that the interest and principal are paid as a first t charge against F 
, advances in the air transport industry have required and will continue to re- 


«cilities. it we are to avoid high interest rates for the borrowed portion of — 


revenue bond y. Airport revenue in the : should be 


_ The rapid growth of commercial aviation and the continuous technological — 


quire the expenditure c of tremendous sums of money for expanded airport fz. - 


‘this money, the gross revenue bond concept is, in my opinion, a justifiable 
way to do it. ~The more favorable the bondholders position in relation to other -_ 
‘claims on airport revenues, the cheaper he will put his money to work. eat 
This concept of a gross revenue bond seems further justified when we con- 
sider that commercial aviation transporting people, ‘mail, express and freight 
is rendering a community service. Commercial aviation also renders an eco- 
nomic service in that it provides employment for local citizens and requires 
the goods and services of local businesses in every area it ferves. For tie 
community and economic service, the community should be willing to make — 
such contribution as may be needed to help operate and maintain its airports. 
If sucha community contribution is needed, it should be provided out of gener- 
al funds. To accomplish the gross revenue bond concept, it may be necessary 
to amend. existing airport revenue bond enabling legislation. = 
_ Wayne County, Michigan and Flint, “Michigan will advance general fund a 
_ moneys to pay interest and principal of airport revenue bonds in the event air- 
revenues are insufficient for such purposes. __ 
‘The City of Dallas is an interesting example. Airport | Revenue Bond 
oa, provides that the City will provide money in its annual budget from 
- its General Fund Revenues and to pay as administrative expenses of the City, 


administrative expenses of its Department of Aviation. 


_ So as to avoid competition among airports in a community, the city) or other 
"Public body issuing airport revenue bonds should combine its airports into a vel 
issue to ‘meet the capital costs of. any or all ‘airports in 1 its system. 

- from all the airports should be deposited into a single airport revenue fund tly 

_ which ‘Supports the revenue bond issue. Once again, amending legislation | may 

be necessary to accomplish this. The Port of New York Authority operates . 

its airports as a system and recently a bill was introduced in the California — 

Legislature proposing the creation of a Golden Gate Authority to take over | toll 

bridges, airports, and certain port facilities in the San Francisco Bay area. -_ 

_ A city or other public body should be authorized to provide in its bond ordi- — 
nance any order of priority for the use of moneys deposited in the airport wi ™% 
revenue fund. It is my opinion that this order of priority is of extreme im- Be 
portance and I again recommend that airport revenue bonds be payable both as 
to interest and principal as a first charge against the gross revenues of the Bee: 
airport system. An ordinance should provide that after the revenue bond inter- 

est and principal has been paid, moneys remaining in the revenue fund could P 

be used for a debt service reserve, for operating and maintenance costs and e. 
for any other purposes the issuing body deems: necessary. We feel that i 

provisions would make airport revenue bonds readily marketable ata reason- 

A revenue bondholder usually has only the project revenues available to pa pay a 

his interest and repay his principal. This emphasizes the fact that great care 

must be used to develop a plan that : will be revenue producing as long as the rs. y 
bonds are outstanding. Ifa program is loosely drawn and does not provide an . 
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—_" ‘continuity y of. revenue, it ‘may p prove ‘difficult, if not impossible, to sell 
the bonds. Such a project would never get past the drawing board. ture was 


ss get a little more specific, not too many years ago a great future was 
predicted for Carter Field. Now, Love Field has the volume of traffic. If | 
revenue bonds had been issued to finance Carter Field, the bondholder proba- 
bly would be very unhappy with his i investment if he counted on the business 
Willow Run is another example of a large airport which seems doomed to 
‘kone its commercial flights to some other airport facility. Some lines have ~ 


already transferred to Detroit Metropolitan Airport and we are informed that . 


a all commercial airlines will move from Willow Run to Detroit Metropolitan | 
: _ Airport very soon. _ Detroit is planning about a $15,000,000 revenue bond is- 
_ sue to provide facilities at Detroit Metropolitan Airport to handle this busi- 
Ba _ Needless to say, if revenue bonds had been issued for Willow Run, the 
_ bondholders would have a bond of doubtful value when this transfer is com-_ a 
Chicago just financed O’Hare Field by a revenue bond issue. . bonds 
7 should prove sound because of the kind of contracts signed by the airlines. - 
Chicago still operates Midway, frequently reported to be the busiest airport 
in the world. The ink on the O’ Hare bonds is hardly dry before the General | 
Assembly of the State of Illinois is asked to authorize a study commission < 
study a new major airport suggested for south Cook County, 
aa The National Airport Plan 1959 proposes new airports at Los Angeles; 
2 - Washington, D. C.; Jacksonville, Florida; Baltimore, Maryland; Grand Rapids, 
i Michigan; Houston, ‘Texas; Tacoma, Washington and many others. How will © 
they be financed? — Where and how will they fit into each community’ 8 airport 
4 program ? if they | are to be financed by revenue bonds, each bond issue should 


embody the principles outlined to you today. : 


a. ‘You gentlemen know better than I of the many advances that appear possi- 


q 


— 
— 
— 
— —— 
4 4 
= 
gene 
Cor 
f 4 a financing 1s contemplated or ing 
the money needed may not be forthcoming Tra: 
— 


— 


a Proceedings of the American | Society of Civil Engineers 


LENGTHS FOR JET TRANSPORTS ok 


‘ti Robert Horonjeff! and Richard Coykendall2 

a 


| 


rt We have been asked to discuss rt runway lengths for jet transports. Runway 


\ length is much talked about these days, and most everyone associated with | 
to = ‘development is naturally concerned about it. In considering our as- 
“ _ signment, we were of the opinion that the civil engineer would be interested | = 
i in the various factors which can influence runway length, 


sids, Pais A detailed presentation of all these factors is beyond the scope of this s 
ul A ‘paper. Consequently, ' we have attempted to ) simplify our presentation by 
ort generalizing certain conditions and omitting a large amount of detail which ~ 
ould rai not be of interest to the > Civil engineer. . Thanks are extended to the is 
Boeing Airplane Company, Douglas Aircraft ‘Company, Lockheed Aircraft 
Corporation, and Convair Division, General Dynamics Corporation for furnish-— 
d or Ne ing the performance data which made this presentation possible. Thanks are 
new also extended to Mr. Gale Ahlborn of the Institute of Transportation and 
7 _ Traffic Engineering, University of California, to Mr. Kirke Comstock of United 7 
Air Lines, and to Mr. . Roy Simpson of Pan American World Airways | for their ie 


suggestions in preparing this paper. ~ 
_ We have grouped the factors which have a a bearing upon runway ‘length i into 


| _ .P Performance requirements imposed by the government on aircraft © 


Those factors which establish te operating take- off and landing gross 
weights for each aircraft type 
— 1. Prof. of Transportation Eng. and Research Engr., Institute of Transpor- ye 
tation and Traffic Eng., Univ. of California, Berkeley, Calif. 


Aeronautical Engineer, Flight United Air Lines, 


of 
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aircraft are licensed and under a a code known 
as: the “Civil Air Regulations”. This code is promulgated by the Federal 
Government in coordination with industry. ‘The regulations govern tl the air-— 
craft gross weights at take-off and landing by ‘specifying performance r re- ¥ 
quirements which must be met in terms related to the runway lengths avail- 


‘The regulations pertaining to piston-engine aircraft consider two general 7 


aircraft. They are: 


‘Take-off an engine failure, wherein sufficient runway is 
to allow aircraft to continue the take-off despite the loss of power, or else © 
Landing, wherein sufficient runway is required to allow for normal vari- 
ation in landing technique, overshoots, poor approaches, and the like. 
The new regulations pertaining to turbine- ~powered transports retain in - 


principle the above two criteria, but a third criterion has been added which is 
referredtoasthe case of 


i>. All-engine take-off, wherein sufficient runway is required to allow | for * like- 

7 ly variation in lift-off techniques and for the distinctive performance charac- 
d teristics of this new family of aircraft. This particular regulation is aimed 
toward the everyday, normal take- off maneuv er since engine occurs 


The length needed at an airport by a particular type and weight of turbine-— 


 -:pow ered aircraft is established by one of the foregoing three cases, whichever 


_ In the regulation for both piston engine aircraft and turbine powered air- i; 


craft the word runway refers to full strength pavement. ‘Thus in the discussion 
vk follows, the terms “runway” and “full-strength pavement” are’ synony- 
‘mous. In discussing the effect of the regulations on length of runway, how- 
"ever, it is important to note that the current regulations for turbine agra 
= do not require * runway for the entire take-off distance while the — 


length of full- pavement we shall in more detail 
the new regulation pertaining to turbine powered transports. a 
three cases referred to above as defined by the current turbine- 
_ powered transport regulations (SR-422A) and the proposed revision (SR- 422B) 
landing case (Fig. 1a) is probably easiest to explain. The regulations 
- state that the “landing distance” needed for each aircraft using the airport a 
Me must be long enough to permit the aircraft to come to a full stop with 60 per 7 
a ea is cent of this distance, assuming that the pilot makes an approach at the proper 
i speed and crosses the threshold of the runway at a height of 50 ft. The “land- 
_ ing distance” must be of full-strength pavement. The landing distance a 
ae piston engine aircraft is defined in exactly t the same manner ee” oak 
The normal, or “all-engine take-off” case (Fig. 1c) defines a “take-off 
distance” ’ which, for a specific weight of aircraft, must be 115 per cent of the 


actual ¢ distance the aircraft uses to reach a eur of : 35 ft. . Not all of this al 
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‘What is is that all this distance be free from | obstructions ‘to 
tect against an overshooting take-off. Consequently the regulations pore the 
use ofa “clearway” f for part of this distance. - A “clearway” is defined as ‘ -_ 


area beyond the runway not less than 300 ft. on either side of the — | 
= of the runway at an elevation no higher than the elevation at the end 


of the runway, clear of all fixed obstacles, and under the control of the airport j 


7 authority”. Up to one-half the distance between (a) 115% of the distance to i 
_ Feach the point of lift-off and (b) the “take-off distance”, may be “clearway”. 
The remainder of the “take- off distance” must be full- ‘strength pavement and 
For the engine-failure case (Fig. 1b), the regi regulation: specifies that the 
“take-off distance” required is the actual distance to reach a height of 35 ft 
with no percentage applied as in the all ~engine take-off case. . This recognizes 
_ the infrequency of this occurrence. The regulations again permit the use of a 
in this case up to one- “half the difference between the distance 
— lift-off and ‘the “take-off distance”, the remainder being full-strength ma 
_ pavement. The regulations for piston-engine aircraft normally required full 
strength pavement for the entire take-offdistance. 
‘Te As mentioned previously, the engine-failure case requires that t sufficient 
distance must also be available to stop the airplane rather than continue the z 
: take-off. This distance is referred to as the “accelerate-stop distance”. For 
4  piston- ~engine aircraft only full-strength pavement was normally t used for this 
- purpose. _ The new regulation, however, recognizes that an aborted take-off is 
; relatively rare and permits use of lesser = pavement, known asa 


run? . The “stopway” is defined as “a rectangular a: area beyond the regular 

r - runway, , centrally located about the extended centerline of the runway, not less 
in width than the width of the runway and designated by the airport authorities 
for use in an aborted take-off, such area being capable of supporting the air- 
_ plane when so used without inducing structural damage to the airplane.” _ mi 

i It is apparent that both the “take-off distance” and “accelerate- ~stop 

; re distance” will depend on the speed the aircraft has achieved when an engine 7 

fails. The speed at which engine failure is asenmed to occur is selected by 


speed, V\”.* If an engine actually fails prior to this selected ‘speed the pilot 


_ other choice but to coniinue the take-off. 
for piston — aircraft, pavement was normally used 


brakes toa stop. ‘If an engine fails at a speed greater than Vj the pilot has |: 


general practice to Vy so that the required to stop from 
the point where V; was reached was equal to the distance (from the same ais 
point) to reach a specified height above the runway.** The runway length es- 
tablished on | this basis is referred to as the “balanced field d concept” or A 
“balanced ru runway” and results in the shortest runway. y. For turbine powered 
aircraft the selection of Vj on this basis will not necessarily result in the — 
_ shortest runway if a clearway or a stopway is provided. ‘le eS ey 
| 


: *The regulations for both piston and turbine aircraft specify that Vy cannot 
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2 For this reason it is necessary to understand the interrelationships be- : 
tween Vy and the various components of the “take-off distance” andthe __ 

-stop distance” These are illustrated on Fig. 2. At 

_ higher V1 speeds, the “take-off distance ” becomes shorter and shorter, be- 
cause the aircraft has the benefit of all-engine acceleration for greater _ 

of the take-off roll, but the is correspond- 
Although Fig. 2 was primarily to illustrate the ‘sauteed ‘and stopway con- 


to the of the take- -off and stopping requirements. 
When “clearways” and “stopways” are utilized alternatives are 


1. If the same Vj is selected as in ay Dee field concept” | the lengths 

of the “clearway” and “stopway” are equal. This would mean that the _ 
full-strength runway (indicated as Ly-1 on Fig. 2) could be shortened a 

distance equal to the “clearway”, but a ee would have to be « con- 


* Another alternative is to select Vj ‘SO as to balance the “accelerate- — 


stop with the “take-off run” 
Ly-2 (Fig. 2) which is less than and no “stopway” is required. 
“< Another alternative is to select a fairly high Vi in n order to reduce the 
“take-off distance”, but when this is done the accelerate-stop distance _ 
es is increased greatly. For this c: case the length of the runway is indicated 
as Ly-3 (on Fig. 2), but note what happens to the “accelerate- -stop” ee 
distance. — _ This alternative may be advantageous to the operator at air ™ 


= where there are obstacles near the ends of the runway. en 


oon the “take-off run” for the engine-failure case must be compared with the 

_ corresponding distances for the normal all- ~engine » take- off case. The — 

the presentation thus far it is apparent | that the of the runway 


"specified in the performance regulations. Since the issuance of the initial 2 
regulation pertaining to jet transports, there has been one modification 


is to be 


opinion that both aircraft all ‘management will 

utilize “clearways”, because clearways will, for a fixed available lengthof 
runway, allow the operator additional gross | take- off weight with less ‘expense 

_ to airport management than building full- ~strength pavement. ae 


we shown how the requirements imposed by the government 
can influence runway length. Certain conditions at the airport can also do so. 
The more important of these conditions are (1) — winds, 
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2 Turbine -powered aircraft take-of f requirements, engine failure case. 
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ee 3 — Basic runway —_— for typical jet transports. 
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of 
cally expressed. each aircraft included in this is analysis th the runway 
ull lengths for several trip lengths were computed from performance data fur- 
Lal nished by the manufacturer and for the following assumed condition a 


at the is standard (59° F F). 
3. - Runway is level in a longitudinal — 


_ 4. There is no wind blowing on the runway. _ 
5. There is no wind blowing enroute to ioetinatien. 
: 6. The temperature is standard enroute Ra 
- Aircraft is loaded to capacity with p passengers and cargo. 
Aircraft is cruised at speeds shown in Table 


- shown on Pig. 3. Next, each of the components at the airport was varied, one 
e a time, while the remaining seven were kept constant. The runway lengths | 
(corresponding to the trip lengths for which the basic lengths were computed) 
"were computed and expressed as a percentage of the basic runway lengths. In | 
_ this manner the relative magnitude of each of the airport conditions was ob- i 
tained. The results of this analysis are presented graphically in Fig. 4, — 
The turbine-powered aircraft included in this analysis are shownin | 
.« Table 1. The table also shows the range in in trip lengths for which the compu- = 
tations were made, the manner of cruise, and the government regulation on 
which the runway length was based. We should like to emphasize that the —_ 
est and highest trip length indicated in the table does not necessarily mean 
that these are absolute limits of range within v which the aircraft can be operat-_ a 
ed economically. These numbers were selected for the purpose of the i : 
sis only, although in our opinion they are representative. On the | charts we 
have chosen the terms “shorter trip length” and “longer trip length” to ex- 
press distances which the or the the 


“TABLE 1 — AIRCRAFT AND TRIP LENGTHS 
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Aircraft 


Douglas DC-8 

Boeing 707-120 gR-4222 


‘Lockheed Electra 188 300- “1500 Max, Cruise Power @ 3, 4 


Trip lengths expressed in nautical miles (1 n. m, =1,15 statute miles) cy’ 
Runway lengths obtained from FAA approved flight manuals, = 
Runway lengths a are based on performance clearway). 
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Fig. 4, envelopes have been drawn the effects of all the 
aircraft included in Table 1. These envelopes labeled “longer trip lengths” yO 
and ° “shorter trip lengths” have been drawn as straight lines. This does not 
mean that each individual aircraft behaves precisely as indicated by the enve- - 


lopes. The influence of each individual aircraft was omitted in order to _ 


examination of = reveals that, in general, the of airport c con- 

port condition the greater is the spread between the shorter and longer trip ‘ 
lengths. This is to be expected since the longer trips require more fuel and - 


hence the aircraft are heavier at take-off. 
_ Of interest in Fig. 4 is the wide variation in the effect of temperature. On ‘> 


11 pe per r cent to 29 per cent. * For this r reason, a a too rigid standardization, in ae 2 4 
planning guides, of the effect of airport temperature for the panpese of es- 
tablishing runway length may not be desirable. i 

‘aie ‘The wide variation in the effect of airport elevation is also shown on Fig. 4. 


The requirements of FAA Technical Standard Order N6b have been super- 
imposed on the figure in ¢ in order to to illustrate b how the individual | anime com- 


pare with this : requirement. a} 


Let us now consider t the factors which build-u -up the weight of the aircraft < at 
take- -off, weight being a . dominant factor in the determination of runway length. _ 


The weight = aircraft at take-off (assuming 100 per cent payload) depends — —_ 


‘The enroute conditions which W were considered in our analysis are ied ane 
aloft and (2) temperature aloft. A strong headwind means more fuel since | it 
reduces the ground speed of the aircraft and requires that it remain aloft a 

| longer time than if the winds were not present. For the same renee a strong 7 


| tail wind is quite beneficial insofar as take-off weight is concerned. = 
The result of our analysis is shown on Figs. 3 and 5. ‘The : same procedure 
was used for the analysis as described for the airport conditions—that is to 
say, one condition component was varied while the remaining seven were kept 
constant. The “basic runway lengths” referred to in the charts are the same : 
as shown in Fig. 3. Fig. 3 also shows the effect of trip length | on ping : 
length. 

scribed for the : airport conditions. For example, the winds aloft w: were e varied 
while the remaining seven factors were kept constant. is 
Turning to Fig. 5 it will be noted that there is a wide variation int the effect es 

of enroute winds from shorter to longer trip lengths. . This c can be explained - 
by the fact that a | | headwind on very short trip — increases we time — 


poten as shown in Fig. 5. . wos can be explained by the fact that oie at a 
higher temperatures there is usually ou some reduction in engine efficiency, this 


| *If the computations were made on the basis of a dry tusho-peap: engine the - 
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Fig. 5 = The effects of enroute conditions and trip length on runway 1 
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ia: The effect of speed of aircraft « enroute in shown in Fig. 5. To obtain —_— 


charts the take-off weights and runway lengths corresponding to the highest 

practicable operating speed were calculated from the performance data fur- 
nished by the manufacturers. The | / computed lengths were then | expressed as 
a percentage of the “basic length” shown on Fig. 3. ft should be pointed the 


that these high speeds, although possible, are not likely to be utilized by the 
aircraft operators because of large penalties in fuel consumption and mainte-— 
nance costs. The effect of speed increases as the length of trip increases, _ 
which : is 3 to be expected, and it w it will ben noted that the ingame can become © 
— 


We have tried to demonstrate that runway lengths for a specific model of 
aircraft can vary widely, depending on the length of trip and the odo 
_ In our opinion the establishment of runway y length th has reached a state of 
sophistication | such th that it tis ‘no longer sound to establish runway lengths" sole- 
ly on the basis of numbers listed in planning ge guides. The intent of these guides — 


is to provide a starting point for more detailed ee they are too often “ 4 


= We believe that the proper way to o establish - runway lengths | at an air carrier 
airport is for the airport planner to work closely with the aircraft operators, . 


examine the route structure, the equipment to be used, the environmental con 
ditions, and the carriers’ estimates of runway lengths. In performing this | 

task the airport designer will need to have the necessary background to carry 

Finally, if the civil engineer is to play a dominant role in airport planning, an 7 
he must acquaint himself with the operating characteristics of the vehicles _ 
and the performance regulations under whieh they must operate. We math this oa 
‘Paper will be of aid in this direction. | . 
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__ PARIS- ORLY AIRPORT AND ITS NEW TERMINAL AREA 


Vicariot! 


development of the Master Plan for Orly Airport is t in 
The new terminal building under construction is a major feature of the article. 
_ The Orly Airport which is, with Le Bourget Airport, the main airport of 
the “Paris Airport Authority”, is presently undergoing its ‘most ie 
struction phase. The projects presently under construction have been the 
subject of very wins studies, which started at the end of the second World War. a 
The construction is planned in successive phases, the most important being } 
the one presently under progress, which is due to be Daal in in 1960 — 
the opening of the final Terminal installations. | 
i. The following document is divided into ane chapters: 


We shall examine runways, taxiways, central area, road 


traffic, industrial areas and transportation means used for the conection of Bs, 


Master plan data 


A 


The first nome plan drawn up in 1946 was a tangential plan — to ‘ie ee 


As of 1947, the Paris Airport gave up this r planning which seemed to’ be rss 
unsatisfactory for the traffic ge for Paris: (there were too many es 
the allowable crossing winds 
Note: Discussion open . until December 1, 1959. To extend the closing date one month, _ ial 
a written request must be filed with the Executive Secretary, ASCE. Paper 2125 is oF “4 
a part of the copyrighted Journal of the Air Transport Division, Paseqnenae of the a 
e American Society of Civil il Engineers, Vol. 85, No. AT 3, July, 1959. 


hi Chf. -Engr., Planning Division, Paris Airport Authority, 
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_ Airport, such a complex and aa “all directions” runway network was | 


_- The evolution of the master plan has confirmed this point of view. At a 
"Idlewild the tangential plan, as it was originally drawn up, has also been aban 
-doned. For t the time being, only the large central area, provided in the origi- 
mal plan, remains. It is surrounded by two. taxiways and a parallel anette 
network going in the two maindirections. 
—_* As of 1947, the Paris Airport | had drawn up a plan for a, renweges 
- similar to the plan which was prepared for the London ‘Airport. _ The plan con 
cerned had three directions for the runways, the distance between two paralld 
runways being approximately one mile. . However, in the main East-West di- 
~ rection, a third runway, had been added. 4 In 1950, due to a better knowledge 
_ of the meteorological conditions over Orly and of the allowable cross winds 
3 for the planes, which were always getting heavier, it has been possible to sup 
a 3 press the third set of run runways which were not yet executed. The master plan 
Md . presentiy shows three parallel Tunways, two of them being staggered parallel 
type, and two parallel runways, in the secondary direction. A third runway is 
» be found in this direction. This runway has been constructed during the 
war, its strength is poor and it is seldom used. 
At the present time, only two runways have been constructed: a main East™ ‘¢ 
4g ae _ West runway and a North- East/South- -West one. . They are equipped for inst 
- ment flights with an approach light system and I.L.S. and G.C.A. system. _ 
_ Consequently it is still possible to review and modify the Orly master plan 
to adapt it to the actual conditions of the future traffic. 
_ In what direction will this plan evolve? Two projects are presently un under | 


‘The first is to suppress one of the three East-West runways and keep only 
‘a two staggered parallel runway system, one for landing operations, the other 
_ These two runways constitute the main element of the airport. Their utili- 
_ zation coefficient is equal to 97% with a cross wind of 21 feet per second, and 
_ increases to 100% with a cross wind of 40 feet per second. The use of the 
_ runways in the East- -West direction, with a west wind mer be adequate in 
- two-thirds of the cases. _ The distance between the axial line of the two run- 
Ways would be 4,000 feet. The capacity of ‘such a system, according to the 
conclusion mentioned in the Curtis Report, , could reach 100 movements in the 
; 2 peak hour. _ According to our estimates, this traffic corresponds to an hourly 
peak of 3,000 passengers and to an annual amount of soceieeammaaaa 8 million 
Under these conditions, the third East-West runway - planned for the North 
- area of Orly would be of no use. We Plan to execute it only asa last resource 


a small town | is s located 1/2 mile from the Western end of this runway and that 
difficulties which could be be > encountered give u us an additional reason for avoid- 
~gal The second is to study the elimination of the second runway oriented in a 
me North-East/South-West direction or at least postpone its construction to the | 
nde last. _ ‘The main direction having an utilization coefficient equal to 100% with 
‘ a cross wind of 40 feet per second, the second direction would only be used by 
Lal airplanes of old types or for airplanes in trouble; that is to say for exceptional} 


— cases. | Under these conditions, only ¢ one runway, considered as an emergency § 
‘However, it is certain. 
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Seeeacinies, the ‘Orly master plan w would uld only include in th the future, three 


runways, in the main direction, 
& In our opinion a ‘interest exists in the system, i 
- to maintain large arens permitting the: cons oa of is and 


‘The future 0 of an n airport depends upon: the: possibilities it offers for the de- 


the requirements pertaining to: "single or multiple terminal installations and 

_ large car parking areas for the “ passengers” area, simple or multiple freigt 
_ stations, docks and stores for goods (the forecasts in this field are yet very 
- dubious) ), large industrial areas, for the construction of hangars, shops and 


‘installation of various industries in connection with the air transportation 


cx. Length of the runways: The altitude and the climate of Paris permits take: 
off of four engine jets, full loaded, on runways, 10,000 feet long. However, 

for various special reasons it has been decided to extend the length of the = 
“Orly L I.F.R. landing runway to 11,000 feet. 


> 


i H From the very beginning, the Paris Airport has ; adopted ; an original | method 
7 for the survey of the taxiways. We have assumed a simulated operation of the 
_ airport, considering all the wind cases and using the large transport types of 
airplanes, existing or proposed, whose landing and take-off requirements are 
- known. We have then been able to determine the exit point of the 1 runways ys in 


e shortest w ways and to evaluate the average estimated run of the taxii 7 : 


A survey of some of the main foreign airports has: Shown | that t the average 


“ t 
cent area 


"The: central area mat Orly airport (Fig. 2) ihe 
a main terminal building with piers (or 


offices, 
- fuel supply 
heating’ and power station, 
2 
two. service stations, 
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&sUimated run of Orly was shorter than those of the largest airports studie | 
et ; 4 in this survey. This is one of the main advantages offered by the staggered 
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Daly, 1980 
- car parking areas, 
- First, a a small 40 room hotel which will be extended by the addition of 40 


anes is planned within the terminal building. This will constitute a 
first experience which will allow us to consider the usefulness of a larger 


hotel which would be erected later within the central area, , where -a suitable ; 
location has been reserved for this purpose. 


A very important road network will service all these facilities. — oo, all 
The main problem concerning the terminal area is that of selecting an ade- 
. re type of building for the air terminal. Was it preferable to erect only yr 
one building concentrating the international traffic and domestic traffic, or 
two independent buildings, especially designed for each of these two types of 
traffic, or a larger number of buildings peceiocin to the procedure adopted by 
_ the New York International Airport 
In the case of a single building, what kind of facilities could be er in 
, yt Fora traffic volume of 6 to 8 million passengers we have ontmanen't that it 
was advisable to envisage the construction of a main building for | the both 
_ international and domestic traffic. However, we have provided expansion by 
keeping the possibility of erecting an air terminal building which would be © 
used for the domestic iraffic and which would be separated from the main 
_ terminal building. It is also expected that the Common Market would give < 
raise to an important development of the European domestic traffic a 
would justify the future construction | of this second air terminal building. 


hadi phase, the control tower will be added to this group of buildings. a 
an the services required for the passenger transport will be then grouped 
- ina single building, located between the apron and the car parking area. 
_ An air freight station will be erected on the boundary of another apron. 7 
__- The car parking areas consist of two ) symmetrical | groups, on either side — 


q s training facilities for flying personnel and administrative offices of the 


eventually < a hotel for passengers. “ig 
_ At the south of the terminal building, on the other side of the main apron, 


service. You will find hereafter « other information ements the future air 


iy 


parking areas located in the vicinity of the air terminal buildings. We have 


seriously considered the detailed lay-outs of these parking areas and 


; In the North-East part of the central area, several buildings are under con- 
struction: they are a power and heating station; catering department for air- . 


_ On the North-West opposite side, ” plan to ) arrange a recreation area, and 


we shall erect a group of small buildings for the overhaul of airplanes belong- 
1 ing to airlines which are not furnished with large hangars at Orly. Amore | 
_ important building for the catering of various airlines is also provided. It will 
= many stores and shops. Another building is provided for the health e 


- While visiting the states we ais been very struck by importance of the car ; 
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area, fo for cars, on each side (of the area poner A single access road is 
arranged for the cars on the opposite side of the air terminal building. . Only 7 
one keeper is required for the operation of this parking area. were oa, 
On the other side, the pedestrians directly enter the building. This is isan 
ideal lay- -out which we > plan to follow as closely as possible. — i 
_ The aspect of large car parking areas, full or empty, is always unpleasant. | - 
At Orly we intend to | set trees in alternate rows in our parking areas, in order 
to give them a more . pleasant aspect and to provide shade in | suman. Ia this a 


car parking a area approximately 5,000 vehicles will be parked. 


_ For the time being, the master plan shows a large industrial area ieee 


ata the North 1 of the: field. The personnel and supply access to this ar area will - 
‘separated from the access ; provided for the users of the central area. ¥ In the e- 
bogs other areas will be —— in the North-Western part of the — - 


The Northern industial aren includes a complex of hangars, maintenance 
shops, stores, snack bars for the personnel, and car parking areas, , distribut a 
ed between three air carriers: France, T.A.L. 2 and T. -W.A. 
All the hangars are built with a steel frame; most of them are new. They a ~ 


were designed and built by the Paris Airport in 1953. They area cantilever 


design. T This design ‘permits a a maximum number of airplanes, of all types, to a 


_ We have noted that hangars, designed according to the same cantilever __ 
principle, , have re recently been built in the States and especially at t the New York 
International Airport. The French hangars and the American hangars are- 
slightly different, in respect to the construction process, but the basic princi- 
ple is the same. We think that this type of hangar will be heaiias ene all ye 


ms main dimensions are below: 


The hangars important facilities. ‘They have 


ng- ‘radiant heat utilizing pressurized water at 300° 
the time, we are a new w hangar 1 ,000" long. 


roa road network of the central area a airport is often very 


the airport and passing through the central area, are sometimes mixed with 


the main traffic roads used by the vehicles servicing ; the air terminal i 


— problem associated with the above is the > one concerning the signal 


system, which increases as the different types of traffic become more — 


adequate for separating the car traffic y well designed and 

ic from the pedestrian traffic; it includes 1G 
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For studying the in the central area at we call upon two 
_ French consultants who are specialists « and who are especially well informed 
__ The results oes: from their studies are sane on Fig. 1, which © 


“1. The en end of the two indian of the e expressway on ‘as ad sides of the 
esplanade located atthe North ofthe airterminal., 
. ‘The network of the roads connecting ' the main traffic roads, the secon- 
roads’ and the car parking areas. These connections are made, ac: 
cording to the requirements, through underground or overhead systems, 


. 3. Twop parking ng areas on the airport esplanade, one on the departure side, 
7 and the other on the arrival side. Only the vehicles which have to stop 
at the air terminal will run along the air terminal front. Other vehicles 


Sr will turn into parking a: areas before reaching the air terminal building. 
In front of the main entrance of the building, between the two parking areas, 


a special arrangement is provided for the bus stop. ‘This arrangement per- 
7 mits an increase of about 60% of the length of the exchange front between the 


road and the air terminal. Two other bus parking points will b be also provided® 


the both sides of the building, departure side. 
_ The problems raised by the connections between the : roads, the air termi- 
nal and the car parking areas have been seriously examined. The investi- q 
* gations made by P.A. A. for its air terminal which is presently under con- 
struction at the New York International Airport, and by the authorities in 7 
_ charge of the survey concerning the Airport of Los ! Angeles, which is the © “4 
"American « c ity where the ratio between the number of cars and the number of 
residents is the highest, are very interesting. It is too late now for modifying 
our Orly projects, but it would be interesting to know if the idea which con- 4 
_ sists in reserving a level for the vehicle traffic and another level for the _ 
# pedestrian traffic, would be suitable for the future projects. thts 


_ Asa matter of fact when two different kinds of traffic aviat be separated | 
"(passengers and luggages, pedestrians and cars, for example) we begin first 
to attempt a level separation (passengers on the one side, luggages on the _ 
other side—pedestrians on the one side and vehicles on the other side). Be-- 
o yond a certain volume of traffic this level separation is not sufficient and it 
is necessary to plan a vertical separation (passengers above, luggages under- 


pedestrians above and vehicles vu under). _ As use of the private car increases, ~ 


_ the vertical separation between cars and pedestrians will be perhaps the futur 
- solution to the problem, not only on the airports, but even inside of the town J 


Connection Facilities Between Paris an and the Airport 
The transportation between the Orly and Paris is at the present 

i fF time made through the Highway No. 7 which runs on the former boundary of 

ii extension of the airport towards the West necessitated that this high 
way should pass over the axis of the field, in the middle of the central area | 

s and under the terminal installations. A detour surrounding Orly \ would have 
been much longer. An economical ‘calculation has shown that it more ade 


vantageous to cross the airfield the grade and to build 
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bridges to incr increase the length of the The users also 


3 

| 

have a shorter and more pleasant trip. 
In the future, this highway will continue to service Orly. However, the ac- 
; cess to this road will be made chiefly through a section of the expressway 

: coming from Paris, which is presently under construction. This expressway © 
includes three sections: the first section will be connected to the Highway No. _ 
a 20 (Paris- Toulouse and Spain), the second section will be connected to High- | 

- way No. 7 (Paris- Lyon-Marseille-Nice and Italy), and the third section will | 


1c: : go directly to Orly. The purpose of constructing these new expressways is to 
18, 7" clear the traffic congestion at the exit points a and the suburbs of Paris. When 
ig this new road network is opened to the traffic, it will take | only 15 minutes to 


go from Orly to the center of the left bank districts of Paris. 7 1 
p aah, We have engaged an | engineering office to study the users of our Orly and 
les Le Bourget downtown terminals, in Paris. As the study has separated visitors 
> and employees, we have been able to draw a sort of separating line, between _ 7 | 
the users going to Le Bourget and users going to Orly and to locate their de- ¢ 
-parture » and arrival points in Paris for each airport. We have evaluated, under © 
various conditions, the time spent for travelling between the airports con- 
cerned and the various points. . The results obtained have shown that no point 


: Ss in Paris is at more than 30 minutes from Orly or Le Bourget, what-— 


ever may be the traffic conditions. 
_ A servicing rail system for Orly has been also considered. At a short | = 
distance from the Northern area of the airfield is an existing railroad. It - 
would be very easy—but expensive—to connect it to the airport. However, oa 
has been shown that the volume of rail traffic on the South railways of Paris” 
is such that the addition of new passengers would overload the existing — : Z 
_ ways. Under these conditions, this project was not considered, for the time 
being, and the study has been postponed. 
Depressing the highway, the construction of the different sections of the 
expressway and the organization of the internal road network have necessitat-_ 
_ ed the construction of 14 bridges, one to be used by the airlines, the others by | 
vehicles. They are ‘made of prestressed concrete, except the bridge locat- 
under the air terminal building, which is mate conventional reinforced 
aos The characteristics of these bridges have rome the subject of long studies, ; 


Whereas the second World War : stopped any ny commercial air ‘transport 
= Europe, air terminals were continuously developed in the United States and ; 
numerous air terminals have been built during the last 20 years. pio ae f 

ae _ However, it was not possible for us to take full advantage from your experi- 
9 ence, due to the essential difference existing between your air terminals and fod 
re ours. In Europe, the traffic controlled by the Customs and the Immigration — - 
1a services is about 90% of the total traffic; while in the States, the 29 «sara a a 
_ is reversed. Furthermore, the travellers leave your country for a foreign 
H country without any other formality than getting the sailing permit, or passport at 
‘ which is not likely to be systematically checked in your air terminals. eae. 

_ We have surveyed and visited most of the American air terminals and we 
have found a line of solutions, ‘from the small one level air 
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terminal, to the multiple air terminals called unit terminals (New York 
_ = Airport), consisting of all types of air terminals including several 
= . We have also found the most luxurious air terminals (Pittsburgh) and 
the most economical ones (Newark), 
_ What conclusions could we draw from these surveys, which could be applied 
Gener: 
_The simplest air terminals are the best can be gene: gener- 
a ally easily modified and extended. Every time a one level design is possible, 
the solution is simplified. We think that such aterminal is suitable for 


traffics ranging from 1 to 2 million passengers per year. 


. having two levels on the apron side of the terminal, is desirable. poner’, o 
~ On the other hand, | on the town side only one level is required as the boa 


a ‘Until now the most practical system for getting the airplanes to the termi- 
nal is the pier 
) AS of 1951, we have drawn these principles from a survey concerning air 
| i 7 terminals already constructed and we have established on these bases the © 
~“avant- -project” of the Orly air terminal, which is as follows: 
On town side, a 1st floor the ticket counter and the delivery bank 
- are located in a large lobby. This floor is at the same level asa large _ 
_ At the centre of this —e of escalators permits one to reach the 
- second floor, and the concession centre. _ From this point all the passengers © 
go to the airplanes through two piers, the one at the East and the the other at the 7 * 
‘West side the central part of the building. 
_ This type of terminal would be an American domestic air - terminal. a: But “| 
we had to consider the Customs and Immigration | formalities to which the ree id 
_ ‘Passengers are subject; and we have the “Orly system”, which is as follows: 
= _ At the departure time: the passengers must be relieved of their registered: 
luggages and the luggage must be inspected by customs as quickly as possible. 
To do this it is necessary to . add, against the ticket counter, a small bench for 
‘the customs examination in order to have the customs emo inspect the 
_ registered luggages immediately after it is registrated. The luggage is then 
the responsibility of the airline company and it is immediately loaded in the 
™ The passengers remain with | their friends | or relatives and have free a0 4 


- international line passengers aye t 


a The piers include on the 2nd floor two parallel galleries the one is used by 
e domestic line passengers and the other by passengers submitted Resim 4 
ja On the 2nd floor, the domestic line RoR are directed to the piers a 
gallery assigned to them. _ The other passengers cross the boundary through © 
-acontrol system where they accomplish the customs and Immigration formali- 
a ties; of 2 an luggage, declaration of currencies 
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the arrival time: 


passengers arrive in the main lounge through the assigned to them i 
| the piers and go down into the Ist floor to get their luggage. 
¥ at The passengers of the international airlines arrive through the other gal- a 


pers luggages. The customs of the luggages is performed ona 
delivery bench when the passenger is present. _ This system has been already 

i tested in the Orly South air terminal where it has been found satisfactory. It 
has been also tried and adopted in the new English airport of Gatwick, for de- 
a -parture | gates and it has been found in this airport that it would permit a sav-_ 
7 ing of about 30% of the area of the terminal. A formal report prepared by the 
British Ministry of Civil Aviation recommends the application of such 

system for all the air terminals to be built in the United 


i = shall complete this description by two remarks, i.e. , 
a) The main interest offered by the Orly system isa “trickle” loading, a | 


‘passengers | going individually and freely from the ticket-counters to the 
gates, without being grouped according to the flights, in a specified ae * 


) _ point, for the luggage : inspectio ion. This trickle loading system which is : 

: , A certain evolution is presently noted; it has been understood that the = 


efficient in the States, has been much discussed in Europe because of af 
th ti d f aliti 
e inspection and form ies. tes. 


large volumes of traffic expected in the near future could only be catis- 4 
fied using a trickle loading system. A package loading system 


ation during peak hours. 
2 


b) With the Orly system a European terminal, including customs office, 
ss can be easily transformed into a domestic traffic air terminal; in =. 


2 latter there is no large rooms for customs operations; the inspection 
_ facilities are conducted on furniture which would be easily removed if — 


- installations and to adapt the air terminal to the modifications which 
= a would result from changes within the c characteristics of the international | 7 


How Many Level? —For only One Level on the T Town 


the inspections are cancelled. In: any case itis easy to modify such | aan 7. 


2 ¥ Some of the American air terminals include two levels on the town side: 
the lower level is Sages: to the arriving passengers, , and the higher level to 


The San Francisco air terminal is of this type. 
& The two level system, on the town side, has been on experienced in some 


air terminals, Zurich for example. 


iw For Paris we have estimated this system too complicated as we think that a 
it will present some risks of jamming of cars at the 2nd floor, before the = | &§ 


i parture hall (we have seen a big traffic jam a at the Houston air terminal). . We : 


ii believe it is preferable to use only one “town side” level at the ground level .. a 
= a very large esplanade, as it is the case for the most of the French rail- 

way stations. This is the normal passenger and luggage ee level ee 
ground transportation means and the building. in 
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The eaginoers of 1 The Port of New York Authority have reached a nee 


How Many Level? — —Two Levels on the Apron Side 


= 


On the apron side the ‘main problem is ; the separation of and 


the lugeages. _ We not noted two systems used in the States: 


a) A vertical separation— a? passengers are circulating on the second 
and | the baggage is at the apron | level. 


We retained this 
system for Orly. 
= to to Make Money? 


commercial out within the American terminals has 
Been veryusefultous., 


We have learned from your experience that it was necessary to study care- 

a - fully the rentability of an air terminal and to select adequately the concession- 
aires . It has been usually said that an air terminal should include a large 7 

number of attractions and facilities, of various s types. 1 Your experience has — 

4 shown that many of them were not profitable and occupy too much sp _ in the 

~“j At Orly | the passengers will find in the gallery the most interesting shops” 


such as newspapers, tobaccos, goods, usual gifts, liquors. 


_ The restaurants are only of two types; a coffee-shop with a 4 snack bar cd 
a first class restaurant. _ A cocktail lounge including a bar w will be locatéd be- 
tween the two above categories of restaurants. A grill-room 1 will be installed 


oe" Generally your experience has prevented us from overdoing the importance 


_ of the concessionnaires, looking for the maximum of profitability for the aa 
whole areaofthe building, | “4 


“ 
Tue _ We have i in France another important source of profits: 


the > passenger 
movements. = | 


ae This fee is collected by the air carriers | who pays it to the Paris Airport — 


| 
he Authority. - Some airlines collect it from the | passengers other do not and pay 
th 
a In 1958 the revenue produced by this fee amounted to more than $1, 000, 000 


i.e. approximately one dollar per departing revenue passenger. 


. Now I would Like tos to show : you the drawings of roe oie: Terminal Building. 


The building includes a central body and two 
i a Only one level is | provided on the town ‘side for the check-in and the delivery 
of luggages and two levels, on the apron side,—the luggages being on the first 
_ floor and the passengers going up to the 2nd floor; from this point they go to. 


the planes following the galleries located inside of the two piers s parallel > 
face of the air terminal. 
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The ‘waiting r room is located on the “ waned under the custom control "7 
A 


is also located here as swellasthe terraces. 
a On the Paris side, the 4th, 5th and 6th floors are ee 7 the adminis- 
tration offices. In this portion of the building are located the operation offices 
‘= : of the different a air carriers, the governmental agencies a and the Paris Airport 
‘Authority offices, 
‘The Building is ‘erected ona framework having 27 feet b bays, providing a A 
: — easy distribution of the different rooms inside of the building. The air a] 
_ terminal is adjacent, at the South, to the apron and, at the North, to ‘the espla- 
_ The basement of the air terminal is made of reinforced concrete and the 
ee is a steel structure. . 6,000 tons of steel have been utilized for the 
‘The front surface is enclosed by curtain-walls. The curtain-walls of the — 
- administrative block are composed of enameled glass panels with glass wool 
_ insulation and mullions of stainless steel. | 
a The south face and the pier faces are enclosed by panels, frame -. 

4 windows elements made of anodized aluminum. This system used for the skin 
_ construction is very usual in the States, but is not so often utilized in Europe. 
We, in 1953, constructed the first curtain-wall made in France, at the South 


a The total surface of the floor i in 1 the building is of 1,320,000 square feet. 


building entirely equipped will cost 


Jet Age Problems 


a increase of the airplane speed reduces the duration of a flight. > 


_ seems then essential that all efforts be made in order to reduce the be Be 


_ of ground operations and, in any case, to! not increase them. The ee must 


t 


Improv yperations— These will be ob 
tained by arranging high speed exits on the runways, which make an _ 
angle of 30° with the central line of the and 


— 
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would 
— the te 
ae ee 4g problems regarding the jet operation, and although these problems are, in my abs 
a opinion, familiar to the American Airport Engineers, I will summarize them 
"below and indic and also the so- 
have cla ies, which are as airpl: 
— ceili 
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ORLY AIRPORT 


Reduction of the of the apron o erations— —The apron operations 
can be accelerated by the installation of a hydrant system, the mechaniz- 
“a ation and the organization of the ramp-service, according to an accurate — 
ma layout for each airplane’s requirements. In this com.ection, we beeen 7 
is noted the perfect organization of the Fort Worth Airport. ba ; 


At Orly, and in the most important European Airports, these consider- 
ations are not so important as in the States, due to the fact that the 
- transit flights a are not as numerous as terminal flights. At Orly the 
installation of the hydrant-system has been foreseen at 8 berthes for the ~~ 
jets, during the first improvement 
¢) Reduction of the travelling time of the passengers inside of the air ¥, 
* terminal~ —We have already pointed out that it was suitable to provide a 
7 trickle-loading system from the entrance of the terminal to the airplane _ 
a vice-versa. The ideal solution would consist of allowing the passen- 
_ gers to enter the plane individually as soon as the latter is on its park- | 
ing place, as they do inthe Railroad stations.§ | 
a The execution of the formalities has been very accelerated at Orl due cm 
— o the Orly system—The loss of time is frequently caused, during en- _ 


‘igs planing and , by load and unload 


Two systems can ai considered in order to reduce the duration of ‘these 

operations; the first one consists in facilitating, as much as possible, the ac- 
cess to the luggage compartment inside the planes, or in using containers; the 
: second one would consist in generalizing the arrangements adopted for certain > 
fe types of airplanes, the Martin 404, the Convair and the Caravelle, for instance, 
e in which the passengers place their luggage on racks installed at the entrance 
of the plane. This system would simplify considerably the operation and 
would gain time not only on the apron, but also inside the air terminal, where 

the time spent for registration and delivery of luggage would be reduced for 


Capacity 

‘The quadrijets have an approximate twice the capacity of the conventional 
airplanes. As a double number of passengers are processed at the same time, i 
it is necessary to increase the number of the ticket-counters, to adopt an ade- | : 
_ quate luggage classification and an adequate delivery system, and to increase 
capacity of the waiting room. These requirements can be: very 


‘The defense against airplane noise with respect to the air terminal, re- “wt 


a serious ‘survey of the acoustical problems. 


: = are of the acoustical type in order to realize a a good interior noise 


‘The waiting room provided for the transit passengers has no openings | di- as 


rectly on the ageae. AS a matter of _ we are of the optaton that these 
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travellers will & relaxing wi wane: an as jet and com | comfort- 
able as possible. tection o 
abso 
‘The a 
be fitted around the jet berthes. The masonry is tdlta , have the 


3 first floor of the air terminal | building has been covered with ceramic tiles ‘The c 


_ For the time being, no special device has been provided for the aie ~—_ be 
_ protection, | between the gate and the airplane. | This problem is still under con- We ha 
sideration. It has mentioned above. 
living in 
| action to 


concerning the small seems ‘to us more important 
“than the one ee blast and and | noise. _ Two difficulties have been en- 


in charg 
complain 
to prevent from entering the building. 
the air terminal al fans w with deodorized dain. inso. 
anint 


a) In evder to prevent smell inside of the air terminal > 
: “hs we have reduced the number of openings and provided large ventilation — 
installation so designed that the air terminal i is pressurized (0,08 inch h 
aa of water approximately. This pressure is low, but it is difficult to ob- 


amen adequate fresh : air inlet at any point, in the vicinity of the building, which 


ag heights pursuant to the direction and the ‘strength of the wind. We have SS 
a deodorizing filters in the vent stations. For the time being we have re- § a 
_tained the solution of using activated carbon. Some tests, based on the is: 


a ey ae of the jets has involved, for the Paris ; Airport ag 
_ Authority, the following studies 
Concerning the Apron: survey of the hydrant-system installation; study 

blast fences; study regarding protection of the personnel on the apron. © 
_ Since we are receiving at Le Bourget the Pan American Boeing 707, pa 
systematically perform various experiments concerning the conditions under 
which these jets are flying, concerning their parking operations, and the ef- 
the atta and location of various types of blast fences, and also concerning all 


the attached problems which are likely to be encountered. a 


+ 


Re the time being, due to lack of the adequate equipment, we v were e not able 
: to perform backwards towage tests and we allow the jet to taxi by its own 7 

’ tae ‘means. Therefore, we have decided temporarily to extend to 200' the large 
a ‘jet berthes provided at Orly. Nevertheless we shall carry out the studies and 
we shall look for any documentation concerning the towage operations of these 
_ airplanes, and especially regarding the backwards towage. 
aa For the time being, we did not adopt “vy fmt arrangement for eee] 
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ans 
~ Concerni ing the 3 air ir terminal: We are taking additional actions for the pro- 
tection of the building against the noise e by installing \ ng very thick glass panels -_ 
} ‘The air terminal will be as soundproof : as possible ih 
The vent installation has been the subject of special studies i in order: 
have the building pressurized. Deodorizing filters have been provided. __ 
) ‘The construction method of the curtain walls, which can be easily ae 
. will permit u us to add, in the future, all the fixed or mobile elements which 
f could be required, in consideration of the operation conditions of the jets. 

We hav have to emphasize that the Jet Age does not give raise to serious _ 2 
problems on our Paris Airports, except the problem concerning the individuals © 
living in the immediate vicinity of the airports concerned. We lead a — 

action to the pilots and the carriers for the setting of special take off pro- an Pa 
cedures and the respect of same. We have organized a special office which is. - 
in charge of the studies pertaining to the neighborhood and which receives the 
complaints of the neighbors. - This office issues, in a special bulletin which is | | 
to them without any the information which would be 


that we can prevent bad reactions and that some inconveniences, which 


are for the oe time under — and very difficult to avoid, can be 
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| of the 
AR TRANSPORT DIVISION 


_AN OPERATOR’ s EXPERIENCE IN AIRPORT OPERATIONS W wiTH JETS 


a view of some of our operation problems: 


At New Airport, the Port of New York . Authority extend- 
ed | Runway 13R- -31L to 11,200' and Runway 7R-25L to 10,000". At 
City dida remarkable job in ‘reconstructing and extending Runway 14R- 
32L to 8838' in a period of about three months. At Los Angeles, the City ex- 

. tended Runway 7R-25L to 10,000". At San Francisco, the City is now extending 

Runway 28R-10L to 9500' and Runway 1R-19L to 9000". some air- 


ports extensions are needed. 


Our experience at one of our major airports emphasized the need for uni- 


_ form runway gradients. ‘This particular airport had several depressed areas 
due to settlement near the center of a main runway. _ These depressed areas” 
had the effect of causing our jets to become airborne before actually reaching 
_ adequate take-off speed with the result that they would settle back on the — 
way with a loss of acceleration and the take-off would then become critical. = 


| The lack of these facilities adjacent to the ends of all runways is a serious 
handicap. Although asa general rule, we do not run-up our jet engines prior 
t take-off as with piston engines, , adequate holding and bypass areas are re- 

t quired to permit jet aircraft B to bypass piston engine aircraft ft running up or 

 -waiti ATC clearance. 


Note: open until 1, 1959. To extend the closing date one 

sa written request must be filed with the Executive Secretary, ASCE. Paper 2113 i: 
Re part of the copyrighted Journal of the Air Transport Division, Proceedings o of the a 


of Civil Vol. 85, No. AT 3, July, 1 1959. 
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power minor damage to the underside of the plane from slush being thrown up 
i "against it. This taught us two things. First, that effect of slush on acomies~ 


a. fences would be desirable, but that their most important function would be to. 

> deflect high frequency compressor noise eminating from the front end of the 
‘jet engines, rather than blast protection. _ Experience indicates that the blast 

= protection is much more important. Exhaust velocities as high as 180 knots ~ 
ao been registered at agony with a a fully loaded jet pine a turn is re- 


but found them to be unsatisfactory they are to (onormal 


concrete cracking and damage from ground equipment collision. _Asthese 


bd _ cracks progress, it is quite possible for pieces of the scat fence to be dis- a 


- Noise has been less of a problem than anticipated. . Suppressor equipment | 
“ci reduced flight noise to a point where it compares favorably with propellor 


driven aircraft. _ Preferential runway, , selected | flight patterns, and use of re- 

duced power have further cut down annoyance. 
a Another possible noise problem is ground runup ) during maintenance ¢ oper- 


a ations. We are now experimenting with special ground suppressor | units. The 


Passe er 


We belli 
nose-in to 
bridge con 
enclosed 
installatio 
ports, it i 
and rear ¢ 


} factors ha 


oi Er unit we are presently using is quite bulky being some 38 feet in length | and is 


quite awkward to change from one engine to another. We are hopeful a small- 
er unit will be developed that will improve this condition. = © 


Ms By cooperation with airport managements, we believe both flight and geititd 


‘noise problems canbe minimized. 

> 


Our experience to date w with h this 5 problem is much better than 1 we anticipat- 
ed. _ However, it is still considered a possible critical problem and we have — a 
_ been negotiating with airport managements to provide pavement ll onl 


ta ant’ 


. a) Ramp areas and taxiways t to be swept daily. 2 Sibel 


b) Runways to be swept once a week. 


We have met with very little success to date but feel that as the number of jet jet | 


operations increases, ingestion problems are bound to increase and we — 


i that time regula routine swee Ww 


passenger 


Engine 
the develo 
looked. — 


can De may, at Broun speeas, 
t % , 4 slush can damage the airplane. As a result, our operating manual now pro-- q 
as A a ' hibits take-offs when accumulations of snow, slush, and broken ice are greater 
Our nreliminary nianninge indicate he erminal area cate senarator ast Ae. 
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n for an 

airplane, with the passenger capacity of a 707 or DC-8 is to taxi the airplane : 
nose-in to a second level terminal departure lounge ° where a short enclosed — ; 
| bridge connects the front door with the departure lounge and longer swinging 7 
; enclosed bridge serves the rear door. We have just recently completed the 
installation of the first front door bridge at San Francisco and from all re- 

ports, it is working out even better than expected. We plan to use both front 
and rear door door loading wherever the terminal is — 


Acceptance 


passengers to believe they can travel from coast to coast in 4-i /2) hours _— Be a 


< _ Engineering has made all this possible and the role ¢ of the civil « engineer i in 


we 
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Journal of the 
AIR TRANSPORT DIVISION 
Proceedings of the American Society of Civil Engineers 


EXPERIENCES IN AIRPORT OPERATIONS WITH JET AIRCRAFT 
The scope of this subject in Operations with Jet Air- 
| craft? is, somewhat extensive as far as B.O.A.C. is concerned. However, me 
_ these remarks will be quite brief, because they will deal principally with = 
experiences at the International Arrival Building and Wing Buildings 
. Idlewild, New York. B.O.A.C. has approached the handling of these i. ; 
| as if they were no different from conventional types. For the most part this” -_ 
- approach has proved to be realistic for the three turbine powered aircraft a a 
operated to date, namely the Vickers Viscount, the Bristol Britannia and ae 
Neither the Britannia nor the Viscount has presented any specific problems. — 
As far as ground handling at terminals is concerned we have treated these — 7 
_two types of aircraft in exactly the sme way as piston-engined aircraft. pois. 
Because the turning circle of the Britannia, which is equipped with a bogey | 7" 
_ undercarriage, is somewhat larger than, for example, a DC7C, there was a — B® 
, short period after this aircraft was first introduced when maneuvering on the gy 
ramp onto certain parking positions—especially those in corners—did mean = ct 
: that the aircraft had to be backed up into position by tug. This situation quick- - 
ly settled pilots and ground staff ff became accustomed to the new 
_ As for the Viscount, v which we have operated for some of our Caribbean ct : 
" services, there have been some occasions on the longer sectors when the air- 
iS port traffic delays necessitated holding the aircraft on the departure spot until — 
its turn for take-off came near. A simple procedure was worked out with the 
: Port of New York Authority and the tower to deal with these situations. = © 
_ As far as the Comet 4 is concerned, it is our contention that we have suc- 7 
i cessfully operated this aircraft at New York International Airport—arriving 7 i 
at and departing from the International Arrival and East Wing Building—with- 7. 
out any difficulty or inc inconvenience to others. You will recall that B.O.A. Co - 


started the first commercial jet ‘service with | Comet 4 


May 1952 B. O. A. operated the Comet: 1 the routes from 
—- to South Africa and to the Far East, through fairly busy terminals, _ 


rE Note: Discussion open until December 1, 1959. To extend the closing date one month, a 


a written request must be filed with the Executive Secretary, ASCE. Paper 2114 - is ae 
part of the copyrighted Journal of the Air Transport Division, Proceedings of the a 
American Society of Civil Engineers, Vol. 85, No. AT 3, July, 
British Overseas Airways Corp., New York, N. Te 
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‘without creating any difficulties. “The cone could be fitted into any aircraft 
terminal pattern, along with piston- engine and jet-prop aircraft. = = ~~ 


4 


s In saying that a pure jet can be fitted into a normal terminal pattern, we 
7 are not overlooking the need for some special precautions and certain new 


Bats Spotting of the aircraft is important. At Idlewild, for example, we bring» 
the Comet onto a gate nose first so that any jet blast is directed away from 
the buildings and ground equipment. For departures of the Comet from the fj 
- Terminal Building we ensure that all ground personnel engaged in the oper- " 
ation have been | specially trained in the handling of this type of aircraft. Above 
all they must be vigilant and there must be constant supervision by those in 
charge to ensure not only that the aircraft is properly positioned at the gate, 
but that ground equipment has been moved to a safe distance from the path of 
the jet blastasthe aircraftturns, 
als By adopting such measures we have found that we can successfully operate 
the Comet 4 from the east finger at New York International without difficulty. a 
. should mention that as a temporary measure we are required to tow the air- 

_ craft away from the building for start-up at a hardstanding nearby, This pro- 
_ cedure is hampering our operation somewhat and we believe it to be quite un- 
necessary. Besides it is laborious and time-consuming and causes approxi- 
mately ten minutes delay in the departure ofthe service. = | 

. . Obviously as the number of jet aircraft increases the need for vigilance — 
_ - becomes g: greater > and co-ordination of engine starting by operators on adjacent 
_ gates becomes more important. _ Airport authorities and the airlines should © 
jointly give considerable thought to evolving carefully timed procedures and 
methods for ensuring close : supervision of ramp operations before jumping to 
-aconclusion that blast fences or similar structures are necessary. Blast 7 
fences protruding on to the ramp are undesirable and we like to think they Je 
a. A great deal can be achieved by the indoctrination of pilots on the : subject 
fi of jet taxiing at terminals. We have carried out certain tests in conjunction 
with the Port of New York Authority at Idlewild and have demonstrated that a 
fully laden Comet 4 can be departed from the gate position under its own | 
_ power, using as little as 10.62 per cent of total available thrust. The pilot, _ 
_ therefore, can do much to help the situation by “easing” the aircraft away 
from the gate position—and it is our contention that pilots will conscientiously 
A word about safety of airport pe. sonnel generally—experience has shown 
‘that all personnel soon become accustomed to jet aircraft maneuvres on the : 
ramp and that they themselves guard against getting into any danger area in i 
the Same way as they guard against walking into a turning propeller. . With the 
= advent of bridge loading from the second deck level, no passengers will be — 
walking on the ramp. It is our opinion that the airport and airline aoe 
and that of the service ‘companies who work on the ramp will be able, asa - 
“result of their day to day acquaintance with jet aircraft, to take care of them- 
_ selves and that no special arrangements are necessary for their r safety, other 
_ than normal training in the ground operations of jet aircraft. _ Poocyedd: 
q a -O.A.C. is looking forward to taking delivery within a few ‘months | of its ra 


fleet of Boeing 707-436s equipped with Rolls Royce Conway 505 by-pass jets. 
With the continuing a: and established pattern of cooperation which has long exist- 
a ed between airport authorities and the airlines, we confidently expect to con- 
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EXPERIENCES IN AIR TERMINAL OPERATIONS wir 3 JET AIRCRAFT — 
Randall W. Kirk 


Ae % Ps Passengers should not have to walk a distance of greater than 600 feet 


era? 7 between their surface transportation and their seat in the aircraft and 


all of such walk should be completely protected fromthe weather. 


7 There should be no long corridors or stairways and the route should = 


should be there by the time the last passenger has arrived from the air- 5 
| 6. The maximum carrying distance from the Customs or claim area to the 
urface transportation should not exceed 75 feet; 
The terminal configurations should be such as to permit. the 


th time the first passenger is able to walk to it and the last baggage - 


_ be taxied in and out of its gate position and facilities should be adequate 


e to permit transit = r quick turnaround servicing of the aircraft on nthe 


regard to towing, we this a regressive s in in age 
bas "progress which reminds one of the flying boat era when it was necessary to | 
re pass a bow line from the aircraft to a launch or to the dock to permit the air- 
craft to be maneuvered into a moored position. With the number of aircraft — 
movements involved, the minutes in lost ground time due to towing operations 


; 4 ‘Pan American is currently utilizing the principal terminals of Idlewild, an 4 


E London ‘Airport North, Paris - LeBourget and Rome - Ciampino. At the © 


Note: | “Discussion open until December 1, 1959. To extend the closing ward one month, | 


DO written request must be filed with the Executive Secretary, ASCE. Paper 2115 is ' . 
_ part of the copyrighted Journal of the Air Transport Division, ‘Proceedings of the | a 
ae Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959. 
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4. The maximum check-in time should not exceed three minutes; _ . 
5. arrival baggage delivery speed should correspond to walking time a 
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‘Idlewild Departure Terminal we are using two gates ¢ ona finger levated abor 


300 - - 500 feet from the point of passenger check-in. in. Concrete blast fences” 

have been installed on three sides of these two gates: which limit the clear 
- ramp surface to an area of about 193 feet sq. This area is too small for ade- 
quate taxi-in taxi-out handling of the jet aircraft without blast fence pro- 7 
tection. Apart from this, the blast fence limits access to the area. If top- -off 
_ fueling is being accomplished on the left side of the aircraft, the fuel truck | Rome. T 
must be be placed so close to the aircraft as to preclude use of the forward load- unsuitabl. 
‘ing door. The current required procedure for these gates is, . taxi- -in, , load, dent, how 
start two engines, tow out to taxi strip and cross bleed to start the other two London C 
engines. We are hopeful that the early installation of steel fences : at these — excellent 
gates will permit the return to taxi-out operations. q The te 
deat Taxi-in is a relatively minor problem as the aircraft is generally light and six and a 
its rolling inertia reduces the need for the application of high thrust. With i The one ] 
_ respect to taxi- -out, break- ~away thrust is ; the most critical factor and it is a of an ope 
- highly variable one. It is affected, of course, by the weight of the aircraft and § considers 
_ by ramp depressions which may exist for drainage purposes. In addition, he how- entrance 
ever, -, pilot technique is very critical : as the thrust requirement for a very was nece 
gradual acceleration from a standing start is much lower than for a rapid — turn nece 
a ~away. Finally, an important factor is the size of the gate position. In § We sh 
this respect the inadequately sized gates at Idlewild require the nose _ wheel to §arounds < 


installati 
sition. T 
Ciampino 
to park tl 
it is cons 
in the cas 


_ be turned full over prior to the aircraft’s moving. This not only requires | sete 
= total thrust but involves an eccentric distribution of power with the 4 refueling 
_ greatest power on the critical side toward the finger. if adequate gate s size is }'0 air an 
available, or if the aircraft is not prohibited from crossing through anad- ce 


. _ jacent gate by the positioning of blast fences, it may roll forward on break- a 

away and then accomplish a gradual turn with much less thrust requirement. . oe 

‘Based on experience to date, we recommend a gate size of 240 feet for the — 
B-707 or the DC-8 with no fences between gate positions and a parking po- 4 


a sition approximately 30 degrees nose out. While some disturbing incidents a 
E occurred as a result of blast at gates, we believe this can be eliminated 


by better ramp control and discipline of equipment and personnel. Up to this 
time individual airlines have been expected to exercise the Cane on the © 


With respect to jet noise at the gates, this has not been a serious problem 
ql _ to date as the high intensity noise is of relatively short duration and even 
“tie flimsy building structures have been shown to substantially reduce noise im- 
— . a ‘the Int International Arrivals Building at Idlewild, aircraft are being taxied- 
in and out at the outer gates without blast fences and without serious incident. ‘ 


a At the present time a series of tests is being conducted including taxi nose in - 
and tow out at the innermost gate positions. — | 
“she At LeBourget Airport in Paris, we find the best jet terminal operating con- 
3 _ ditions of anywhere on the present routes. (While Orly Airport is our normal 
_ base of operation, we were obliged to use LeBourget temporarily due to 
‘runway/ noise considerations. ) Here we are able to taxi-in and out adjacent to 
_ the terminal building providing maximum convenience to our passengers who — 
are able to proceed to the immediate vicinity of the aircraft in a covered glass 
enclosed finger. ‘The Aeroport de Paris has installed a blast fence along the 
portion of the terminal side of the gate as well as an extension outward at the 
end of the gate behind the This blast fence is a 
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installation and does not preclude taxiing straight out from the a po- 
sition. The other two airports at which we operate, , London North and Rome - 
Ciampino, are temporary facilities and at both these locations we are — 
to park the aircraft on an apron located away from the terminal building and 
§ it is consequently necessary to provide bus transportation for the passengers, 
in the case of London, or walk the passengers a substantial distance, as at 
| Rome. These terminals, temporary though they may be, must be considered : 
unsuitable for jet operations in terms of the desired objectives. We are confi- 
dent, however, that the new facilities planned for the long-haul terminal <t 

} London Central and under construction at Rome: - Fiumicino w will wai: aa 
excellent jet operating terminal facilities. 
‘|: _ The terminal we are constructing at Idlewild we expect will oe or iis 
d | six and a half of the seven objectives previously stated for the ideal terminal. 
_ | The one half objective which we have failed to achieve involved the sacrifice — . 
Gof an operational convenience in favor of passenger comfort and convenience 
id considerations. In order to have gate positions located close to ‘the building — . 
w- | entrance and also under the weather protection of the building umbrella, it a” 
_ | was necessary to taxi the aircraft nose in very close to the building, , which in 
turn necessitates pushing the aircraft out to a starting position. chatter _ 
should like to emphasize the importance, where transit or quick turn-— 
o jarounds are involved, of the ability to do servicing on the gate between arrival 
_ and departure. With this facility at way stations we have been able to make — ‘a 
aT refueling transits at Gander in 18 minutes block to block | and 24 seein air 
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AIRLINE IN OPERATION WITH JET AIRCRAFT 
‘There : are areas in which we, TWA, believe marked improvements can be 
— to cater to the jets’ " special requirements, based on our experience to 4 
date. These are the general airport arrangement—particularly in regard 7 _ 
ramp layout, our experience with interim facilities and equipment for a 


| from the over-all operational standpoint, to highlight troublesome areas in — 
regard to providing an on-time operation. 
i On March 20 TWA inaugurated service with a daily New York - San 
Francisco schedule. To date this is 62 round trips or 124 flights. On April 19 
TWA phased in a daily Chicago - Los Angeles service. To date thisis42 -_ 
round trips or or 84 separate flights; + and on April 23 a daily New York - -Los 
Angeles nonstop was added. _To¢ date this is 28 round trips or 56 fights. rae 


| this has been 20 round trips separate flights. 
_ Our total jet experience so far has been 304 schedules, some 640,000 plane i 
miles of service—of course, not including training requirements. These __ 
schedules are currently provided with five operating units, plus at least one 
additional unit wholly assigned to either flight or maintenance training. By _ 
early August, TWA will add the cities of Washington, D. 2 through Baltimore ~ 
(Friendship), St. Louis and Philadelphia, to its jet service. igi i 


what will help TWA provide a better service? 
First, in the general area of airports and in particular, ramp layouts, so : 


far v we have found no two arrangements alike, which at the onset to a degree 
was anticipated, but nevertheless complicates ground handling. Since we advo- 
cate taxi in, taxi out, not having adequate ramp area for jets has necessitated © 


minor modification to this premise depending upon the specific circumstance. : 


more station towing has been required, either as a direct result of inadequate 


| facilities or due to local airport authority rulings, lacking completed facilities 


For example, at San Francisco we taxi nose- -in to the gate and deplane. — an 


q Since San Francisco is a terminating station on our system, we’ve allowed a 


i Note: Discussion open until December 1, 1959. To extend the the closing date one month 
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Engines are started in this position _and the airplane taxies direct 
; ly out. Should our assigned jet gate not be available, we then use the alterna 
position at the end of the international arrivals finger. . ‘At this location the — 
authority does not require repositioning; therefore, the more flexible taxi in | 
cand 
At Los Angeles we’ve had to resort to a temporary procedure until our — 
:. interim jet gates become available. . These ; interim gates | should be ready by § 
June 1. They will serve until the entirely new ee terminal arrangemet 
available—we hope by mid-1960. 4 
Our procedure until June 1 is to taxi in and park at an oblique nose-in © 
angle, about 45°. Deplaning, servicing and enplaning is accomplished in this ; 
position. A tractor is then affixed, engines started, and with idle thrust, the 
airplane is _ pushed out to a taxi line, the center- line ‘separating TWA’s finger 
from the adjoining carrier. At this location the tug is detached and the air- 
_ After June 1, two interim but newly constructed jet gates will be available} 
- at the end of our finger. A passenger hold room is also under construction 
_ at this location. _ Since these gates are unobstructed by other aircraft ae 
- movement, we can then resort to our basic : premise o of taxiing in and out, min 
misinggrenitim. 
At O’ Hare we’ re re in n relatively good shape mainly b because of the 1 low total 
level of operation < at the moment. Current handling a adheres to the premise oi 
taxi in and out. As we add jet service and build up our total level of oper<t 
ation, facilities at O’Hare will be completely inadequate. For this reason 
we’ve embarked on another interim program—that is, to add concrete and © 
: terminal facilities to handle this increase until the master plan takes over. 
_ These interim facilities should be available by August ofthis year. © 
At Idlewild preferential gates are not available, so we share with another 


carrier because of the status of airport development. At Idlewild, we taxi ing. 


make about a 180° turn and park approximately parallel. _ At departure we cal 


start at the gate; however, all movement is by tractor. The airplane must by 


7 towed out some 800 to 1000 feet before the tug is detached to allow taxiing. 
_ This type handling is, of course, showing up in our ability to get off on time. 
Of our stations so far handling jets, Idlewild shows up as requiring the great 
est ramp dispatching time. Some improvement is anticipated because we ar¢ 
planning to utilize space at our assigned new unit terminal location, which ; 
has been leased for the past years to another carrier. 
_ Fixed servicing facilities, particularly fueling and electrical ground powel 


are practically a necessity at major level stations. Such fixed facilities _ ' PS 
4 should also be incorporated at hangar sites at selected stations where either & 


_ the carrier’s major maintenance is handled or in conjunction with a high levé 
f operation frequency. With us, domestic stations are: 
“Idlewild - - ramp and hangar sites ain, 
Los Angeles ramp and hangar sites 
San Francisco - hangar site only ae 
2 Hare - piped to hangar site only es a, 
ae Taxi in and out operation minimizes ground time. With this conviction, 3 


because terminal plans | best accommodate the plane parked either 


sufficient time to reposition the airplane tail-in by tractor for servicing and 
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AIRPORT OPERATION 
‘obliquely nose-out or parallel, we’ve evolved the location of a pair of hydrant “a 
outlets that can equally accommodate the airplane | in either position. From — a 
our standpoint this is extremely pertinent because until other methods of ca _ 
“passenger loading, like bridges, are proven fully practical and economically 2. 
feasible, we retain the flexibility for ramp loading and taxi operation. We’ ve 
also reaffirmed our premise that a wing tip to terminal structure clearance : 
Blast fences are a requirement for specific instances, particularly nal 
this interim. These are: to protect an adjoining carrier (we, too, adhere to 


a good neighbor policy), to ‘separate adjacent ramp positions | to permit simul- ‘ 


Pay _ taneous operations, to afford protection to fixed facilities or ‘equipment not P 

specifically designed for jet operation and in selected | maintenance areas ona 

very limited basis, more to deflect sound. 
ha Noise levels inside buildings « of conventional construction to be no ereier 

§ than with piston engine aircraft. In some instances, because of the character 

of the n noise, it is even less objectionable. And ki kerosene fumes within the 


terminal can be a problem unless specific. measures, where 


ailable taken to prevent their 

Personal safety must be emphasized. Operators, airport ai 
und pe ‘everyone should do all possible to minimize the personal hazard when near = 
a > | operating jet engine. During multiple engine operation and until people fully — 
_ appreciate the hazards of suction, | blast and noise energy, every precaution — 


.. §@ Should be taken to eliminate or reduce, insofar as possible, all possibilities of 
| _ ‘There is still time for designers to incorporate into terminals, the same 
_ §} degree of skill that was ; applied to the jet airplane to cater to airline operation - 
§} and passenger convenience. Airport terminal complexes should include inte-_ 
he a | grated passenger loading schemes which carry ' the terminal environment up a a 
— the airplane loading door. Effort ‘should be directed to reducing walking ue 


nother distances and providing improvements in baggage claim. High speed a 
ae roads between cities and airports are just as necessary, especially w when the a 


larger and newer airport is located considerably beyond the suburbs. 7 ae > 


cling: And lastly, a comment regarding support equipment. Our philosophy was 

4s, § 0 keep everything required for ground support of the airplane on the ground 

. pers and not to penalize the airplane with installed weight required for equipment 4 

welll needed only on the ground. This, we believe, has yielded better ground service 

hich - because essentially more substantial, industrial type units can be utilized a 

a Wil without the same degree of consideration for weight and size. 3 Further, air- 
craft delays can be avoided by eliminating machinery aboard the airplane. _ 

nd Ground support equipment must be matched properly to the three different 

> eithal jet airplanes we plan to operate. Accordingly, particular attention was devot- 


ed to the relationship between aircraft systems, ground support and ground 
1 handling. Important advantages were obtained by adjusting aircraft systems | 
to implement support programming more feasibly 2 and economically. iItis: 
significant that for the first time we found that aircraft system selection can 
” dependent in an important way on ground equipment cost and 1 utility are: 
> Aircraft designs were coordinated in such manner that ground handling 
techniques and support equipment could be standardized for all ae 
| Parent results have been faster, more efficient ground service, 
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| THE DEVELOPMENT OF DESIGN CRITERIA FOR WASHINGTON 
> INTERNATIONAL AIRPORT TERMINAL FACILITIES 


Historically, Washington is 4th largest zest commercial passenger 
generator. It is very close in number of passengers boarded to Los Angeles. 
Actually, 2 months of the present year has placed Washington Airport in the 
position of being the second busiest airport in the United States exceeded only : 
by Chicago Midway. Even back in 1938 and 1940 the planners then developing 
what is now known as Washington International Airport could foresee the day 
'when another airport would be needed. - They studied a site at Camp Springs, i. 
Maryland, and World War IJ intervened. That site became Andrews Air Force 
}Base. In 1948, airlines operations increasing by leaps and bounds, the CAA © 
made a study which concluded that a second airport for the City of of Washington 
pwould be needed in the immediate future. In 1950, Congress passed —* 4 
legislation and in 1951 a site known as Burke was selected, but for various | 
reasons had to be abandoned. . For 6 } years no progress was made e until 1957. 
when Congress: voted appropriations for a second airport with the stipulation 
that no funds were to be spent until the President had caused all available ~ 
sites to be studied and the ° best site selected. The President delegated the re- 
sponsibility for preparation of this. study to Mr. Elwood R. Quesada, who then 
pheld the position of Special Assistant on aviation matters. Mr. Quesada se- _ 
_ Glected as the consultant the Griner-Mattern Company to make the necessary 
[investigations and prepare a ‘report. On January 14, 1958 the selection of a a ; 
site near Chantilly, Virginia was announced and the FAA was directed to have ~ 
the airport operating in late 1960 or early 1961. y 


ates, Burns & McDonnell, and Ellery Husted, were selected as the Architect- 

Engineer consultants in May of 1958 to prepare the engineering anc and architect-_ 

ural designs and supervise construction. . We were faced with a problem of 

developing an airport for the future with particular emphasis on those facili- 

ties ncn bial be compatible with the operational problems of jet aircraft. 


ote: Discussion open » until December 4. 1959. To ‘extend the closing date one month, 


, a written request must be filed with the Executive Secretary, ASCE. Paper 2117 i 
_ part of the copyrighted Journal of the Air Transport Division, Proceedings of the ae - 

_ American Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959.” 
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Slides and motion picture were used to illustrate Mr. Hul 


hi: _ Other factors were also taken into consideration such as the availability ol 
: @ ‘utilities, rail facilities, and the characteristics of the site itself as they per- 
tained to soils, drainage and topography. The result, after numerous sites 
studied was | the ‘selection of one near Chantilly, Virginia. 
‘The first job, , of course, was to determine the best layout and after con- 
siderable study the Federal Aviation Administration selected parallel N-S é 
q runways 6700 feet apart and 11,500 feet long. . These runways overlap by 50 
-~ cent. There are also to be parallel W-N-W, E-S-E runways 10,000 feet 
ia separated by 3,000 feet. After considerable study by the air traffic con- 
trol centers, it was determined that 65% of all traffic would operate to the 4 


_ The site at present consists of approximately 9,600 acres—one- -thirdin § 
Fairfax County and two-thirds in Loudoun County, Virginia. In order to mai 

tain a good community relationship, the property line is a minimum of 2,000 
feet laterally from the center line of any runway. _ The end of each runway is 
a mile and one-half from the property line. This enables us to have an airpo 


” : which under the terms of FAA TSO-N-18, the aircraft will clear 150 feet by 


airport is based on a projected figure f for the iauanaens -Baltimore area of 
17 and 1/2 million annual passengers enplaning and deplaning; one hundred area O 
thousand tons annually of mail and cargo; 846,000 annual aircraft movements set thi 
244 aircraft movements IFR per ‘hour. Washington International Airport port. 
was forecast to have 396,000 annual movements of the 846,000 forecast for thy startes 
a ee National Airport now is handling in excess of four and one-§ Octobe 
half million (4,500,000) passengers annually and is forecast t to increase to6 § we hav 
_ million passengers which the FAA considers as optimum capacity for that j this p 
airport. This passenger capacity can only be reached by the introduction of § ahead 
large aircraft since the acceptance rate of the airport is only 32 aircraft perf} have b 
hour. When Washington International Airport is completed it is anticipated grubbi 
_ they will have 4, 000, 000 passengers by 1965; 6 to 7 million by 1970 and 8 sto ing alc 
10 million by 1975. In planning the development of the ; airport numerous cu. yd 
factors had to be taken into consideration. First was the air traffic costrang Gate. 
capabilities which determined to a great extent the capacity of the airport. f§ In ‘ 
‘The ease of airport traffic control from both the controller’s and pilots’ view vast a 
points, as well as the effect this airport would have on the surrounding areas) Movin 
In the site selection for this airport certain ground rules had been laid down. larges 
It would be no further than 30 miles from the center of town, nor should the § move 
driving time be in excess of 40 minutes. It was preferred that the distance bp Of whi 
not in excess of 20 miles and preferably not more than 30 minutes driving 4 1,600, 
time. 7 _ There also had to be adequate highways, or the ability to provide ades dental 
- quate highways so , that the trip to the airport did not become a burdensome own a. 
_ chore. The site, of course, had to be large enough. Population had to be ata 20 foo 
‘minimum to avoid disrupting communities. Community relations were an ex- cal ai: 
tremely important factor as they pertained to land patterns, existing and fore} ‘simile 
cast, the displacement of community functions, the impact that a development Was c 
such as this might have on local business and, of course, it had to be as neat! imag ‘ 
compatible ; as possible with regional plans for highways, industries and 4) : 
cultural aspects of the community, fhe pa 
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a oe _ In the United States there has never been an airport of this magnitude started malate 
from the very beginning with the intention of developing and constructing airpor 
facilities for the next 5 years as well as preparing complete working drawings, Which 
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rted | ‘maintained or will be established where it is thin around the perimeter of the na 


< airport 1000 feet in depth. This is planned to help alleviate the noise problems 
vings which the jets tend to create. As part of the program, we are also designing _ 
this WV miles of aecess highway. This will be a four-lane divided highway with 
of -right- of-ways for 3 additional lanes in each direction in the future. Mace the 


ants set th this condition a peripheral highway is being constructed around the air- " 
ort port. With a project of this size facing us, I am proud to announce that werk 
yr the Oetober on the site in September of 1958 and the heavy grading started ee 
October of 1958. Since we were selected as the architect-engineers last ae 
96 we have been quite busy. It requires 2 minimum of a miracle a day to keep é 
t § this project on schedule and I believe at this moment we are e considerably = 
of ahead of what could be considered a normal schedule. To date, three contracts 
have been awarded totalling 19 million dollars. ‘These covered clearing and . 
ed grubbing, grading and drainage, and paving of certain of the runways. Ing grad- 
to | ing alone in these contracts there are eleven and one-half million (11,500 ,000) 
~ cu. yds. of earth to be moved, of which well over 3 million have been moved to 
_ In order to achieve the necessary results the contractor has assembled z da 
view vast array | of equipment including several of the largest pieces of earth- 
reas. ‘moving equipment existing today. Among other things he has the world’ err 
own, |) largest excavator which is diesel electric powered like a locomotive and can 
the — move 100 cu. yds of earth at a bite. There are 14 miles of storm sewer pipe 
ce be Of which more than 3 miles have been installed to date. Paving willconsistof Jf 
ig a 1,600,000 square yards which is equal to 118 miles of 24 foot highway. Inci- _ a 
ade- | dentally, in order to make this an airport for the future we had to “design” our 
ne i | own airplane. . We “blew up” a combined DC-8 and 707 aircraft by giving ita eg 
» ata 20 foot greater wing span and 36 foot greater fuselage length. This hypotheti- 
n ex-§ cal aircraft was assumed to weigh 500,000 lbs and have a dual tandem gear we Hy 
/forel Similar to a DC- 8 or 707. After considerable study, portland cement concrete nA : 
ment} Was chosen for the runways, taxiways and apron. In critical areas, that is, the 
near ends: of the runways and a strip 50' wide down the center of the runways, turn- 
7 ‘offs, and taxiways will be 15" thick on a hall stone base. In non-critical areas, 


4 


_§ the pavement will be 12" thick on a 9" stone base. The runways and taxiways > 
lity of will be provided with 25' wide bituminous shoulders which will be a 2" topping — 
per-| on a 4-1/2" rock base. _In order to handle this. large paving job, the contractor a 
tes 4 “has installed at the central batch plant 3 nine cu. yd. mixers. With the mail ' 
. equipment h he has, he can pour one lane the length of a runway in four working — * &g 
=8 3 ad Lighting of the airport will be the most modern available. We will have a fon! 
y 50 § high intensity lights on the edges of all runways as well as center line lights. 
feet } At each end of each runway, provision is being made for the installation of he 
. con-§ new “narrow gauge” lights. At this time, however, fixtures will be installed 


~ — 


the E only in the ends of the runways that will be equipped with ILS. Provisions are E 


_— being made, however, for the future installation of ILS systems on each end — 
‘in Of each runway. The taxiways will be equipped with edge lights and the 
.maing Speed turnoffs will have both edge and centerline lights. This will require the the 
2 000 installation of over 3600 light bases and 97 miles of underground duct. “aa 
ay is | ie One of the unique features of this airport are the bi-directional high speed — 
airpo turn offs. This is the first airport anywhere to be constructed using the re- ? 
ot by sults of the University of California tests conducted for the Air Modesniaation 
Board. These high speed turn- offs will enable an aircraft to leave the vmey 


fa 
ae 


at 60 miles per hour and turn on to the taxi-way | at the s same. speed ‘if neces- ya 
sary. Such operations will in effect tend to create more air space -as the air- 
planes can be landed somewhat closer together than is possible on a con- 
ventional runway turn-off pattern. Many of the details of the terminal area  desigt 
have not been resolved although the work is progressing. A master plan has §} This \ 
- _ hot been fully resolved to date but all that has been planned to date will be 1 
fully compatible with the final master plane 
2 Ample building areas will be provided which will accommodate hangars, walkir 
overhaul facilities, general aviation and the other facilities normally found i ing ev 
; a" As the requirements for aircraft operation and | handling were being con- | At 
_ sidered, we did not overlook one of the major aspects of importance at a i aud 
- modern airport: the passenger. Many of us have felt for some time that the modat 
_ way passengers were handled at the new large modern airports approached i¢ the ne 
- being an insult to the dignity of the human race. I! order to see exactly what the te 
_ happened to the passenger we made studies of his activities with particular -. 
These studies showed distance a passenger must travel from the time he — 
: parks his car or enters the terminal building until he can board his airplane. 
As an example, at a terminal with 29 gates, an interchange passenger 
have to walk over 2300 feet at that airport. When you consider that WIA is 


being for a capacity of 100 you can well see what the problem 


schen 
the wz 


with a 


centralized terminals, we plotted WIA on these two basis and came up with 


"essentially the sa me distances that had been achieved at other airports. In | 

order to keep a close eye on aviation’s competitor, we also investigated Grand 
Calan Station in New York and if it weren’t for one commuter platform, the > 
walking distance there would be considerably less than at most airports. We 

also studied the systems that are used to load the passenger on the aircraft. 

_ The first chart represents the conventional system of a terminal building, a a 
finger and an open exposed area from the finger to the aircraft where the 
passenger may enjoy all the benefits of rain, snow, blast and noise. .. 

_ Another system has been proposed called the aero-gang plank, which is an 
Bp ay on the finger and bridges the gap from the finger to the aircraft. a. 
‘Neither of these systems appeared to solve the problem because the walking 

— many European airports passengers are conveyed by means of a er 

from the terminal to the aircraft but in almost every case the vehicle is ; not 

well suited to the job as it is still necessary for the passenger to walk from 

one level to another and he is still exposed at times to the elements. We a 


= 


studied this system and came up with a somewhat modified concept of the _ 
European method. That is, a vehicle which we have termed the mobile a 
to transport the passenger from the terminal building to the airplane e. ‘The 
passenger level of the mobile lounge is at the second floor level of the termi- 
1 nal building. It is a commodious vehicle approximately 15' wide and 60' long. 
ir _ which will accommodate 80 people in comfort. | This vehicle will operate 
b somewhat similar to a ferry boat. That is, it never backs up. One endis 
_ adapted to meeting with the Terminal Building and 1 the other end has a special 
; _ pneumatic device for sealing the gap ‘between the vehicle and the aircraft % ; 
the passenger is protected at all times. tr. 
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‘TERMINAL 
the mobile lounge will originate at the terminal building, 
el ceed out to the apron where the aircraft are parked adjacent to service units. - 
“? ) Space on the apron is provided so that the massive aircraft I described as our 
a ; design aircraft awhile ago can taxi in and out of position w without being towed. 
1a8 § This will reduce taxi time and distance considerably over that of any other 
scheme we have been able to evolve. Furthermore, to get back a moment to 
_ § the walking distance you will note that with the mobile lounge the the ‘maximum > , 
8, walking distance will be a thousand feet for the interchange passenger, better- 
d at ing even the walking distance which has been achieved at Grand Central. — 
| A motion picture described the operation of the mobile lounge. 
ate _ At this time detailed information on the Terminal Building cannot be re - ba 
leased. _ Essentially though the building will be oblong with a finger to — 
the § modate a few shorthaul aircraft and a certain number of helicopters. Within 
ed} the next few months we will be able to release to the public information ae 
what § the terminal building and how it will function. _ It will be a two-level il. 
ar with a roadway entrance on one level and the exist on another level. _ 


The Mobile will from the side of the building. 
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i. DEVELOPMENT OF RIGID PAVEMENT DESIGN CRITERIA 
P. Sale,1 M. ASCE and Ronald L. Hutchinson 


Within the past eighteen years, the Corps of | Engineers has designed and 
ome some two and one-half billion dollars worth of military airfield * 
pavement facilities. In order to reasonably assure that these pavements per- : 


imposed by military aircraft, the Chief of Engineers has invested 1 more » than a 
ten million dollars in research and engineering investigations for a 
of valid design procedures for both rigid and flexible pavements. Since the __ 
‘military construction program is world-wide in scope, it has been necessary 

to consider extremely wide ranges of physical properties for both foundation 
and paving materials including the effects of seasonal frost and permafrost. | 


—| The rigid pavement design procedures developed in the investigational _ 


program have produced pavements with a proven | record of adequacy from ‘the 
standpoint of construction feasibility, structural capacity, ‘surface smoothness 
and durability for support of such propeller-driven aircraft as the B-29 and 
B-36 and more recently for the B-47 and B-52 jet bomber aircraft. The trend 
toward growth in newly developed military aircraft has continually made « obso- a 
ete even the most advanced pavement design concepts. Depending upon the 
ultimate outcome of the current competition between aircraft and missile 
_ Weapons systems in our national defense planning, it is entirely possible that he. 
the saturation point in pavement load-carrying requirements has been reached. __ 
_ Certainly the gross loading of the present B-52, which is near one-half million i 
pounds, will exceed that of any commercial aircraft in the foreseeable future. Ni se 
There remains the possibility, however, that heavier military aircraft than 7 ; 
the B-52 will be required. Consequently, the Chief of Engineers is currently 


Note: Discussion i until December 1, 1959, To extend the closing d date one con 


2. Chf., Rigid Pavement Div., Ohio River Div. ‘Labs. of ‘Engrs., U. 
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i conducting an accelerated traffic on program ne the heaviest aircraft gear 
4 loading that can be anticipated within the next 10 to 20 years. The current — 
: heavy-load studies are aimed at developing _g pavements which will permit re- 

habilitation of existing pavement | systems or construction of entirely n new 
There is considerable evidence that any future paws in military aircraft | 
- will produce loadings that will require greater conventional pavement thick- | 
‘7 “nesses than it is practicable to build. The 25 and 27-inch thicknesses of non- 
Feinforced concrete pavements required by the B-52 are | extremely difficult 
to construct in such a way as to maintain the smoothness requirements and 7 
crack-free surfaces essential to the operation of these high performance a *: 
planes. . In the present testing program, serious consideration is being given 
to the less conventional pavement types such as multiple- layered systems and 
While the commercial “jet a age” airfield pavement designer will very likely 
- face many problems and considerations beyond the scope of the rigid pavement 
: design development investigations undertaken by the Corps of Engineers, , there 
will be many phases of his work to which these studies will naye immediate 


Shortly after the Corps of Engineers was assigned responsibility for the ne 


_ design and construction of military airfields in November 1940, two major 
problems developed which required immediate solution. The first was the ad- 
vent of the so- ~called heavy bomber aircraft represented by the B- -17 Flying — 
_ Fortress and the B- -24 Liberator. These aircraft had just gone into production 
_ and were designed to produce single-wheel main gear loadings of 35,000 
_ pounds, with a maximum gross weight of 75,000 pounds. This loading was | 
some 3 to 5 times greater | than any loading highway or airfield pavement de- 
signers had dealt with previously. The second problem and one of equal im- 
. a ‘portance was lack of a rational and valid design procedure by which either a 
‘rigid | ora flexible-type pavement could be designed to carry these loadings. d 
— pointed out in reference (1), a simple, practical and uniform method of | 
7 design for use in all parts of the world was essential. Certainly there was no 
shortage of design procedures. In the United States alone, practically every ‘| 
State Highway Department had developed and was using methods that invariably 
: oe _ differed in some particular from those of any other state. Many of these de- 
_ gign procedures had considerable merit but were related in concept to the ol 
| 3 locale in which they were to be applied and were often empirical and based en- 
tirely on experience and performance records of pavements in the particular 
area. - Obviously, none of the procedures had been developed to give answers 
for the wheel loadings facing the of Engineers in early 1941. 


methods not subject to variation occasioned bj by arbitrary 
- of local competitive materials; (d) Avoid reductions in pavement thickness in 
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ear § order to balance cost; and (e) Establish procedures that om readily lend 
at 3 |) themselves to further development through tests, investigations, and study y of 
ety’: This paper will deal only with the development studies related 
A “rigid pavements and primarily with investigations related to pavement thick- 
raft 5 ness requirements. Many of these studies undertaken and particularly those 
ck- § associated with loading and traffic conditions have had direct application a 
non- § both the rigid and flexible pavement investigational programs. _ However, the 
ult Corps of Engineers flexible pavement development work has been well covered 
nd int the technical literature and is ci considered beyond the scope of the ‘paper. 
iven 
and - 1950 
‘Theoretical Concepts 
emen, ‘It would be a misconception to assume from the foregoing that no rational | au 
“then or theoretical approach to rigid pavement design existed prior to 1941. As 


3 early as 1926 the late H. M. Westergaard after a long period of study, partly cas 
_ § under the auspices of the Bureau of Public Roads, had developed methods for 
computing stresses in concrete pavements by theoretical analysis. (2) In this 
| early work Westergaard treated the concrete slab of finite dimension as a 
thin plate, assumed a circular loaded area and a liquid subgrade. These ~~ 
equations were somewhat restrictive in that they were formulated to give the 
stress in the concrete either at the center of the loaded area (center slab load- 
ing) or at points a considerable distance from the loaded area. In 1939 
Westergaard concluded that his basic equations which had been modified to 
some extent to conform to the results of the . Arlington Road Tests ofthe | vais 
Bureau of Public Roads were equally as applicable to the design of airfield 
pavements and aircraft loadings as to highway pavements. (3) Prior to the use ; 
of the very large aircraft tires with eliptical-shaped foot print area and the — | . 
multiple-wheeled landing gear assemblies of modern a: aircra® it little argument = — a 
it is interesting to note that Westergaard never presented a definite pro- Pa: a 
cedure for the determination of his “coefficient of subgrade reaction, k”. He a i 
recognized that the modulus (which is } expressed ir in pounds per square inch — 
per inch of deflection or more simply as an expression of density, lbs/in. 3) od 
would have considerable variation for a given set of conditions depending upon 7 
the size of the loaded area. be. It was concluded that so long as “the loads coe a 
a 


limited to a particular type, that of a wheel load on top of a pavement, it was , 
_Teasonable to assume that some constant value of the modulus, k, determined fs, 


empirically, would !ead to a sufficiently accurate analysis of the ‘deflections ~ ke ae 


and the stresses.” " This rather broad instruction later cause investigators a 7 
good deal ¢ of concern in establishing testing procedures, as might have — Mie 
| expected. - Certainly th the size characteristics of an automobile or truck ure a 
4 | on a 6-inch concrete paving slab in 1926 would be substantially different from ae 
le de- # those associated with the 265,000-pound B-52 main landing gear assembly 
eati« 1 loading on four large aircraft tires covering an area larger than 12 feet in its 7 
Obviatel eatest dimension, and resting on a slab 27 inches in thickness. 
In 1943 and 1949 Westergaard developed equations for multiple-wheeled 
gear configurations, with eliptical-shaped tire contact areas and for the criti- 
cal corner and edge stresses in a slab. (4) _In these later works, he made a 
of the correction necessary to liquid: 
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assumptions into agreement it with results which +h would if the ‘sub- 
g 


rade were a “deep elastic solid”. Even at this late date, however, = / 
a - Westergaard referred to the modulus of subgrade reaction ; as “an empirical bj 


a makeshift” justifiable by “usable results”. Again, when dealing with relatively oa 


light loads and pavement thicknesses in the range of 6 to 9 inches : it is true 7 
that large variations in k value have little effect on the computed stresses. 
Unfortunately, this is not the case when dealing with the heavy loadings and , 
_ pavement thicknesses required by military aircraft of today. Consequently 
either an accurate determination of k value or a healthy conservatism in arbi- 


trary assignment is necessary | to insure adequate performance. 


Correlation of Theory with Field Performance 
7 S early 1941, the Corps of Engineers set out to check the validity of ll 
- Westergaard’s c: center slab loading theory by constructing a large number of 
individual 20 by 20-foot concrete slabs on a range of subgrade strengths and 
testing them to failure under static circular plate loadings and under the dy- 
a namic loading produced by dropping a loaded aircraft tire onto the pavement. 
_ These tests were conducted at Wright Field, Dayton, Ohio, and are commonly 
referred to as the Wright Field Slab Tests. The results of these tests are 
i presented in detail in two Corps of Engineers technical reports(5, 6) and have 
_ been referenced in numerous other publications in technical literature. It was 
in conjunction with these tests that the original work was accomplished for 
developing a standard test procedure for the measurement of the subgrade — q 
- modulus Kk. The e test slabs ¥ were instrumented with deflection and strain gages| 


so that the failure loads could ‘readily be related to the Westergaard theory. 


_ Through the entire range of increment loads leading to the development of the 
«fi first structural break in the pavement slabs, a a check was nen @ on the — 
- volumetric displacement of the subgrade beneath the slab. i" From this determi 
nation the modulus of subgrade reaction could be established. A series a 
3 plate loading tests were made on each subgrade c condition in order to de- 
termine the size of plate which would yield a k value that most closely y checket 
the value obtained from the volumetric subgrade displacement measurements 
under the test slabs. - Circular plates ranging in diameter from 12 to 72 inches§ 
_ were used in this study and almost without exception tests made with a 30-— 
inch diameter plate gave results that were in close agreement with the sub- 
_ grade displacement determination. As would be expected smaller plate sizes 
gave higher values and larger sizes gave smaller values. Thus was born the 
basic procedures for establishing a design k value with a 30-inch diameter — 
_ plate bearing test that is still used in Corps of Engineer pavement design with 
only minor modification. A discussion of the development of the field bearing 
test procedure as applied to pavement design is contained in reference (7). _ 
‘The principal conclusions derived from the slab test series were: (a) That 
- the Westergaard equation accurately pri predicted the critical loading at which 3 
structural failure occurred under a center slab loading condition, and (b) That 


Based upon these rather encouraging results the next step in the investi- 
- gational program was to establish the type of loading which should govern the 
_ design of a pavement facility; static, dynamic, or repetitive traffic. A rather 


popular ‘Opinion ed by many at the time was that the | most 


rr 


‘dynamic loadings no greater stresses a a concrete slab than 
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“critical loading occurred at the point of tou ina operation. 


The violent “squeal” produced by aircraft tires at the point of ieee ~down niall ; 
have had a deal to do with this ret of 
‘Establishment of Conditions ere 


In to resolve this question a series of flight tests were conduct- 
ed at Dayton Municipal Airport at Vandalia, Ohio in October 1941. These tests 
"were conducted by the Air Corps with forces from the Corps of Engineers do- 

- ing the ground work. A Martin B-26 Medium Bomber having an individual ie 

main gear loading of 15,000 pounds was used. The procedure was one of _ 

_ measuring the width of the tread markings left on the runway pavement er 

_a series of the most severe landings the pilot could make without damaging — Z 


- the plane. Lime was placed on the pavement surface to more clearly define 


_ of touch-down with the width of the tire contact area obtained in the dynamic» 
- Joading drop tests on the test slabs at Wright Field an accurate determination od 


- the tread markings. By correlating the measured width of tread at the point 


ae The results of these tests where the aircraft was actually y “flown in into the | 
_ ground” showed that the total load acting on the pavement at the point of touch- 
. down ranged from 150 to 200 per cent of the static load. However, it was the > 
- pilot’s opinion that such “hard” landings would be extremely rare age 
one in several hundred operations). _ Similar measurements made during a 
Ls subsequent series of “normal” landings showed that the load at touch- -down 
was only 40 to 60 per cent of the static load, thus tending to discount the a 


_ impact loading concept. If one considers that an aircraft has considerable © 
speed and a resulting lift acting on the wing surfaces during landing or 
ations, the latter finding is not surprising, 

In more recent years, the significance of impact act loadings during landing — 
operations would not be great, even assuming a high percentage of “hard” 
landings. This may be explained by the fact that the landing weight of our ee 
heaviest jet bomber is seldom more than 60 to 70 per cent of maximum take- 
off weight for which the pavements are designed. ‘Thus, | a high order of im- 4 
pact during landing operation could occur without overstressing the sndietie. 

_ In continuing the study to establish the critical design loading condition, __ 
observations were made comparing the performance of equal strength Bei » ss 
pavements at various locations in an airfield pavement system at a number of _ aw 
airfields. It was found that the earliest signs of pavement distress ana 
occurred in the areas of high taxi traffic concentration on the ‘taxiways, : 

aprons, and runway ends. _ This led to the conclusion that the repetitive traffic aa 
of slowly moving aircraft was in reality the most severe loading to which — 

airfield pavement was subjected. ‘This finding tended to make the 

_ of the Westergaard center slab loading equations questionable for airfield _ 
‘pavement design. An early series of traffic c tests, wherein a vehicle carrying fe 

the equivalent of the static design loading on each of two wheels was towed 7 
over pavements at several installations, cast further doubt on the complete 

"adequacy of the center load concept. These traffic tests ‘were conducted in 

z= and 1943 on rigid pavements at McDill, Maxwell, Godman, Wright, __ 


7 
| 
Tvely 
| 
of 
dy- 
ent. 
rages 
fermi 
| 
1ecked 
inches 
ub- 
sizes — | 
n the 
er 4 
aring 
) That 
) That 
quiva- 
sti- 
ng pI s widely divergent, one of th 


in n each case was | was that the center | -modific 

=. factor was not sufficiently conservative for design purposes. ~~ 
1943, there was a definite need for rigid airfield pavement design cri- 
teria and the Corps of Engineers published a criteria(8) based upon the | — 
Westergaard analysis for interior slab loading. Inasmuch as the Wostergaare 
analysis was applicable only for computing stresses due to interior loadings, 

b and since investigations, which had already been conducted indicated that 

Glan due to edge or corner loadings were higher, the published criteria = 

contained a conservative safety factor plus requiring — 7 


edges at all construction and expansion joints. 


i June 1943, the first of a series of full-scale accelerated traffic tests 


of _ under completely controlled conditions were initiated at Lockbourne Army J Air- 
field, Ohio. These tests, the results of which are shown in reference (9), were 
_ designed to permit a comprehensive evaluation of the many factors influencing 
rigid pavement design, and were placed under the direction of the Ohio River 
Division Laboratories in Cincinnati, Ohio, which has since been designated = 
the the Corps of Engineers Rigid Pavement Laboratory. 
In retrospect, the objectives of the Lockbourne No. a Test Tract were very 
ambitious. _ The range of test loadings (20,000, 37, 000, and 60,000 pounds « on 
a j single wheels) was intended to be representative of the most severe military | 
_ aircraft of that t day and for several years to come. , At th the time, , the B-17 and 
B-24 bombers were still the heaviest in active service and the B-29 which 
}. a had been forecast to have a e a gross W weight of 1: of 120, 000 pounds was still in ne 


- _ The test track itself consisted of sixty six individual pavement sections or 
test items ranging in thickness from 6 to 10 inches on various strength sub- — 
_ grades and various thickness and quality of base course, as: well asa limited | 
number of overlay | and steel reinforced slab designs. 3. All items were instru- 
mented to permit deflection measurements at the interior, edge, a and corner 
of the slabs under both h stationary and moving loads. 
Prior | to > applying traffic, it was necessary to . establish the ta 8: ust 
traffic that needed to be considered. Based upon traffic frequency figures _ 
furnished by the Army Air Corps an estimate was made of the total number of 
operations of critical aircraft that would be expected in a 10-year period. Ad- 
ditionally, an investigation was made of the lateral distribution of praise iy 
_ traffic considering the natural tendency of aircraft to deviate from a single ~ _ 
path on a runway or ‘ taxiway. . After a large number of observations (both di- a 
ee rect and using photographic techniques) it was established that for the air- _ 
Ya un craft of that day 75 per cent of all taxiway operations were so controlled as & 
i | to confine the main landing gear wheels in a 25-foot path and were  Feasonably, 


f 


uniform within that width. Similar observations on runways showed that 75 © 
per cent of the traffic occurred in approximately a a 50 ~foot path. _ Assuming ~ 
—~ operations (one take-off a and one landing) ¢ occur | ona: runway for each oper- 

ation on a taxiway the number of passages of an aircraft landing gear over any 
a on the pavement within the above boundaries would be essentially the a 
= - - (Although this general ; ratio of operation is still valid on modern mili- 
_ tary airfields, the weight of the landing aircraft is so much less than that of 

the aire t that an o operational r: ratio of one to one is now for 
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MILITARY AIRFIELDS 


“design purposes. The width of traffi traffic | path has also — considerably for for 
- modern aircraft, being ‘much more confined on taxiways than that shown 


correlating the number of aircraft operations expected ona 


“titions to which a point in a pavement structure will be subjected. In iota an Ae 
- exercise and for military airfields, only those aircraft operations —— ; 
at or near maximum gross weight need be considered, since the traffic of 
lighter aircraft or that of the aircraft controlling the design when operating 7 
at substantially reduced weight, do not contribute greatly to pavement d Aa | 
_ For the above correlation, traffic repetitions are converted into “ “cover- 
“ages” | by the Corps of Engineers. One coverage occurs when each point in the 
. "pavement surface has been transversed by a tire of the main gear. In 1943, 
5,000 coverages was established as being representative of a 10 year plus ——~ 
"pavement life. Naturally, the ratio between traffic operations and coverages ie it 
Bag: vary greatly depending upon the size and number of tireson a main gear. 
_ In this respect the military pavement designer has been fortunate until very 
_ recently because the larger aircraft with large tire multiple-wheel landing 7 
gear configurations have operated less frequently than the original single- 
wheel aircraft for which the traffic study was s made. — the 5, 000 me 


a the bulk of the test sections in order to facilitate rapid completion. How- = 
_ ever, an . empirical correlation was applied to the test results so that oe 
could be established on the 5,000 coverage basis. 
The basic conclusions developed fr from t the the No. 
Test ‘Track are ‘summarised | below: 


4 


e r “= are more severe when the loading is applied at the corners and edges 
ef a slab than when applied at the center. 
bs, _ The Westergaard edge load equations (developed in 1943) were valid for 
s a a single loading condition but an additional “design” factor had to be ap- 
a plied to properly account for stress repetitions (fatigue), temperature © a 
gradients and other unknown variables. 
_¢@. Service behavior indicated that slab failure (progressive cracking after — 
ea = the development of an initial crack) occurred much more rapidly in i 
. nae slabs on low strength subgrades than in those on a high strength sub- oe ee 


¢ Expansion joints were a definite | source of weakness unless load trans- Be 


“= 


Bats e. Small slab sizes (10 feet x 10 feet) proved less desirable than larger 


slabs (12.5 feet x 20 feet) from the standpoint of developing surface 7 Pic 


is . Steel reinforcing delayed visible initial cracking and prolonged | nee at, 


‘reflected the overlay slab under condition of overload. 


‘While | the r of the Lockbourne No. 1 Test Track were not * “earth 


shaking” did establish a sound basis for the Westergaard 


-? g Crack patterns in the base slab of a rigid overteg pavement are quickly 4 
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ul 7, 1 
‘equation which had been developed for psinienbiine edge stresses. Based upon 
these findings, revised rigid pavement design criteria was developed using i? 
the Westergaard analysis for edge stresses and assuming (developed from the 
Lockbourne tests) that properly designed joints would provide a 25 per cent 
load transfer to the adjacent slab. A “design” factor of 1.3 was included in| 
1 . criteria to compensate for load repetitions of 5,000 coverages. This ml 


vised design criteria was published in reference (10). 
_ A resumé of the Corps of Engineers test program of full-scale —— 1 
pavements up to1944iscontainedin reference (11), 
Between 1944 and 1948 three other major accelerated traffic 
programs were accomplished by the Rigid Pavement Laboratory at the yess 4 
- Lockbroune Test Site. Lockbourne No. 2 Experimental Mat was perhaps the 
- most extensive airfield pavement testing program ever undertaken based 
7 strictly on the number of pavement sections tested and evaluated. The Se 
Lockbourne No. 2 testing program initiated in 1944 was ‘prompted by the 
velopment of the B-36 aircraft which, as originally designed, hada gross ~ 
_ weight of more than 300,000 pounds an and produced a single-wheel loading of 
~ 150,000 pounds. ‘This: loading represented a a growth of some 250 per cent over 


limit 
the gear loading that had been conside:ed an upper limit less than one year | cond 
previously. Results of these tests are contained in reference ee and | 


— The test sections incorporated some 120 individual pavement sections rang-| 
‘ing in thickness from 9 to 24 inches, and included non-reinforced and rein- | 
forced pavements, multiple-layered overlay systems | with and without bond- 
breaking courses, a wide range of subgrade and base course conditions, and a 
large number of joint design configurations and slab sizes. Briefly, the re- | 
sults of these tests established the accuracy of the Corps’ design curves for 


n 


7 ae _ Several airfields were designed and constructed for the 150, 000-pou teria 
_single-wheel loading (Wright-Patterson, Loring, Travis, and Carswell Air whee 
Force Bases) in anticipation of the B-36 operation. However, only the proto- § sing 
_ type model of the B-36 used the large single-wheel main gear, the | later pro- mod 

duction models converting to a four-wheel twin-tandem assembly. . A limited coul 
test program (Lockbourne No. 2 Modification) on pavement thicknesses of 12, desi; 
15, and 20 inches was conducted for this multiple-wheel gear configuration — 7 have 

‘ and the results again | supported the ability of the Westergaard equations to . the | 
properly predict stresses in rigid pavements under multiple-wheel landing» sma 

! gear loadings. Results of the Lockbourne No. 2 Modification tests are shown § Resi 
in reference (13) and a discussion of these test results was given in reference § is gi 
(14). A few of the more pertinent findings are as follows: on tl 


Bond-breaking courses between pavement layers even as thin as asphalt th 
prime coats, greatly reduce the useful life of a rigid overlay system. 5 
Bb. Reinforcing steel in rigid pavements permit a nominal reduction in the 
-required non-reinforced slab thickness. However, the price of steel at 
the time of the tests made it extremely doubtful that the reinforced de-_ 
- would be economical. (As a general rule this is a valid conclusion 
: _ today, although special conditions often make the use of reinforcing = 


_ ¢. Based upon the performance of the test items in Lockbourne cates 3 
f and upon instrumentation measurements of deflections and 
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Keyed construction joint with tie bars 
(4) Contraction joint = = 


was to using s structural sh shapes in 
< ence to conventional round dowels for load transfer at joints in thick © 
increased loading o the B-29 (60,000-pound twin and the 
B-36 3 (150 ,000-pound twin- tandem wheel gear) necessitated the need for design 
criteria for strengthening existing ‘rigid pavements. Several rigid overlay 
rigid pavement test items had been included in the Lockbourne No. 2 Experi- | 
mental Mat and from the ‘performance of these test items an empirical design _ 
criteria had been | developed and was published in reference (10). In 1946 a the 
limited investigation (Lockbourne No. 3 pavement overlay investigation) was ot j 
conducted to | study th the performance of of non- -rigid overlays | (asphaltic concrete . 
and base courses) on on rigid pavements. ‘The test track consisted of nine test - 


items having varying thicknesses of non-rigid overlay on an 8-inch rigid base 

pavement. The test items were trafficked with a 60,000-pound twin wheel 

gear load and indicated that the use of a flexible ‘material was a feasible 
method for strengthening existing rigid pavements. Based upon these limited — 

_ tests a tentative design criteria for non- rigid overlay o1 on rigid pavement was 

“I Oe By 1948, the Corps of Engineers had developed rigid pavement design a 
teria with a proven record of adequacy for the traffic of single and multiple- “ 

_ wheel landing gear a assemblies, for loadings as high as the 150 ,000-pound Past 
"single wheel and for tire inflation pressures of up to 200 psi. Small-scale Pe. 
model study techniques had been developed from which theoretical predictions a: 
could be checked and many unusual or unique concepts could be evaluated and 
design procedures developed under controlled conditions. . The model studies — 

_have served in recent years to supplement and greatly reduce the scope of — ni 

the full-scale traffic test sections. A ‘discussion of the applicability ofa “4 oe 

small-scale model for studying concrete pavements is given in reference (16). A: 

Results of pertinent studies of concrete pavements with the small-scale model | 

is given in references (17,18,19). LA constant check has been made anny 

on the actual performance of pavements at a large number of airfields through r. 

a program of condition surveys of existing pavements. information aye 

i} gathered by the condition su survey teams which include structural performance, “a 

|} traffic records (loadings and frequencies), physical property data and weather a 


field pavements to be used by | the Air Force. 7 

pounds on a single wheel having a tire contact area of 100 square inches for. ‘S 
jet fighter-type e aircraft and designated as Light-Load Pavements. A design 
loading for Heavy-Load Pavements was established at 100,000 pounds ona 
twin-wheel gear configuration, 37-1/2-inch center to center spacing and an 
. tire fina area of 267 square inches. The Heavy-Load criteria 
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duly, 1959 7: 


wa was s based on was to maximum weight that would occur 


one main landing gear of the forthcoming B-47 jet bomber. 
= Neither the Corps of Engineers nor the Department c of the Air Force — 
sa saw any difficulty in developing criteria for the design of plain rigid pavements ¥ 
for these standardized loadings since concepts developed for the heavier ae 
propeller-driven aircraft prior to 1950 A pscegee to be applicable. , Therefore, 
_ design criteria were published in 1951 (15) and construction of the ‘modern 


multi-mission Air Force Bases ves initiated. the problem 
wasn’tthat simple. | 


Investigational Program 1951 - 
pavements to strengthen existing pavements. These criteria had been de- 
veloped empirically from a very limited number of full-scale test items and — 
was felt that additional tests were needed to firm up this criteria, ‘There-— 


at Sharonville, Ohio. The test site at Lockbourne had to be: abandoned due t to 
the expansion of the airfield facilities. - ‘The first of these test tracks "a aac 
ont No. 1) was a study of non- rigid overlays on rigid pavements and 
- consisted of 16 test items; 3 ‘of which were all- ~asphaltic concrete overlays on 
rigid pavements and 11 were flexible overlays (3 items sof asphaltic concrete 


a _ with waterbound macadam base and 8 items | “ asphaltic concrete with asphalt 
id Macadam base course) on rigid pavements. . Two plain rigid test items were 
a in the track to validate the 100 ,000-pound design criteria, a, and to pro- 
vide a basis with which to compare the performance of the overlay test items. 
The test track was trafficked with a 100,000-pound twin wheel gear load dur- =. 
ing 1951 and 1952. An analysis of the test results indicated that the ea 


ad some respects iad the criteria was revised and published in reference (20). 

_ However, the results of the Sharonville No. 1 tests still left much to be de- — 
sired, especially regarding the design of flexible le overlays (as (asphaltic concrete 
- The second overlay test track (Sharonville No. 2) was constructed in 1953 f 
ree and contained 29 test items; 8 of which were rigid overlay on rigid pavement; 
4 were rigid overlay on flexible pavement; 11 were all- -asphaltic concrete _ oa 
r. = on rigid pavement; and 6 were flexible overlays (asphaltic concrete _ 

and base course) on rigid pavement. track was also trafficked 

,000-pound twin wheel gear loading. An te of the results of these 


"were conservative for partially bonded (no bond breaking course between the 
— rigid overlays on rigid pavements and the empirical criteria was 
revised and published in reference (20). _ Results of the tests on the noha 


in some instances and unconservative in others. Based upon 
_ these findings, all information regarding non- -rigid overlay tests wasre- 

, . analyzed to find a method which ‘would ae explain the the performance 
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; ag ‘all test items. From this analysis, which is described in references 5 (21), 


oF (22), a criteria was established and published in reference (23) for the » design 
» | of non-rigid type overlays on rigid pavements. This criteria is, with only 
oe El minor modifications having been made, _ valid for the design of non- baal 


During the period 1951-1955, the condition survey program, which was _ 

initiated in 1946, was beginning to yield significant findings insofar as —, 
pavement performance under actual aircraft traffic was concerned. It could 7 


z be shown conclusively that rigid pavements constructed on high stwength foun- 

“e i dations were performing much better than the design criteria would indicate. a 
ring ; An analysis of the condition « survey y results led to the following two . conclusions 7 
a _ which seemed to explain this better than anticipated performance. First, the _ 
nail A _ modulus of subgrade reaction, k, was higher than the maximum value allowed 
re- ff in design, and secondly, although pavements cracked during ag traffic, the crack- 

cose! ing was not detrimental to aircraft operations since the high strength foun- | 

pot - dation prevented faulting of the broken slabs and spalling along the cracks. — 

, nae Up until this time the maximum modulus of subgrade reaction, k, allowed for 
_ & design was 300 lbs/cu. in. since the validity of t the plate bearing test procedure 
am | for measuring higher values was questionable. A series of plate bearing tests + 

'$ On Bans: performed on high strength foundations to either prove the existing pro- 

ete f _ cedures or to develop a valid test procedure. ‘These tests proved that the ex- 

ohalt isting test procedures were adequate if a correction were applied to compen- 

ere sate for bending of the steel plates under load. It was found that the necessary — 
‘pro- _ correction was dependent only upon the foundation strength and was irre- yal 

ems. _ spective of the type of material. _ The test procedures were revised to include 

lur- the correction for bending of the plates and maximum k values of up to wag ¥ 

lbs/cu. in. were allowed in the design criteria published in 1954. ‘The 

re in _ quired pavement thickness for k values in excess of 200 Ibs/cu. in. . were also 

0). - reduced to allow a nominal amount of cracking of the = order to realise — a 
nent; f In February 1954, a ‘condition | survey conducted at Lake Charles Air Force > 

e § | Base, Louisiana, showed distress occurring in the center lane after about = 
rete 7 years of B- 47 aircraft traffic. , The ¢ distress was in the form of longitudinal qj 
za Cdl cracking at or near the center of the middle slab in a 75-foot wide taxiway : and 
se _§ ran continuously for several hundred feet. A rather intensive investigation 

s on was conducted which indicated that the pavement and foundation strengths were 
es equal to or r exceeded the values used for design. In investigating the cause a 
the § the distress it was finally concluded that the probable cause was due to a oe 
was ; “channelization of the traffic which was producing coverages at a much ater ca 
rigid rate than was assumed in the design. (24) Further distress of this type was . 
No. 1 J soon evidenced at other airfields that were being subjected to B-47 aircraft and 
4 These distress indicated that there was a definite need 
gate the design loadings and, more importantly, the ground operational 


47 aircraft. A series of field studies(25) were conducted to 


a 

] 

> 


1400 
a the traffic pattern of aircraft during ground ‘operations and a series 
of meetings were held with Air Force . developmental and operational person- 
nel to learn more of the aircraft loadings and the ground handling techniques 
_ that were being employed. _ The field studies showed conclusively that the 
 seorable gears and the painted taxi strips gave the pilot a much finer control 
and that pavements in certain areas were being subjected to as many cover- 
ages with the B-47 aircraft in from one to two years as the same amount —~ 


_ traffic had produced in 10 years with the distribution that had been experienced 
7 _ with previous aircraft. _ These studies also indicated there was a “porpoising” 
| - action with t the bicycle-geared aircraft that produced an impact loading on the 
pavements exceeding the static loading of the gear. 
_ After an analysis of the information developed through these field studies j 
a and meetings, it was evident that revised heavy load design criteria was need- 
‘ed. The studies indicated that for a 10-year pavement life the coverage level 
- would reach approximately 30,000 in certain areas, while in other areas where 
traffic was more distributed, | the coverage | level ‘reach only 5 
must be taken into account in the design, while in still other instances the -* 
studies indicated that the pavement thickness could be reduced due to the ma- 
jority of traffic being with an | aircraft loading less than the maximum gross 
weight. Using this information, design criteria were established for the B-47 
_ aircraft based upon a two wing (90 aircraft) operation per field. These ae 


3 load criteria, were effect in May 1955, were as follows: 


. Loading: 100, 000 pounds on a twin-wheel landing gear, twin- 


_ wheel spacing of 37- 1/2- inches center to center » and ; a 267- -square inch 
contact area for each wheel (190 psi inflation pressure). (ft 
—b. _ Impact Loading: Equal to 15 per cent of the design gear loading. oF 
Design Coverages: In order to distinguish the coverage levels and load- 


ing conditions that occurred on the various pavement facilities, the 

pavements were divided into types of traffic areas in accordance with 
the anticipated coverage level and loading. The traffic areas were 
_ designated as “A”, “B”, and “C” and the design coverages an NS 8 

Meu (1) Type “A” Traffic Pournys 000 coverages at the design gear load = 
plus the impact loading. Pavement facilities classed as Type “A” A ‘ 
“canal traffic areas were the primary taxiways leading from the parking 2 t 
an. apron 1 to the ends of the runways and the first 500 feet of each end — tf t 

(2) Type “3B” Traffic Area —5 ,000 coverages at the design gear load plus— 


_ the impact loading. "Pavement facilities classed as Type “B” traffic | 
4 - areas were secondary taxiways, the second 500 feet at each runway 

_ end, warm-up aprons, hangar aprons, wash racks, etc. 

(3) Type “C” Traffic Area—Same design as a Type “B” traffic area, ex- 
ged cept that the required pavement thickness was reduced by 10 per 


these pavements. Pavement facilities classed as Type c” traffic 
"areas were runway interiors (portions between the 1, 000- -foot 1 run-— 


om 


uae Y Inasmuch as as past investigations had been based upon a a maximum coverage 


level of 5, 000, the increase to a design coverage level of 30,000 necessitated 
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ILITARY AIRFIELDS 
. series extrapolation of existing information to arrive at pavement thickness criteria. 

rson- f ity was felt that the Westergaard analysis supplemented by the small- scale 
liques model studies were still valid; however, the fatigue characteristics of the 
A pavement under these high number of stress repetitions were not known, since - 
control | - previous full-scale accelerated test tracks had never been subjected to more — 
5,000 coverages. Therefore, full-scale test tracks were constructed at 
nt of © ‘ the Sharonville Test Site and subjected to 30,000 coverages of the 100,000- - 

erienced ei pound twin wheel gear loading to validate the above design criteria and to es- a 


oising” ee the fatigue characteristics of rigid pavements at these higher ae 


on the levels. Two test tracks, designated as the Sharonville Channelized Test _ 
a ae i ‘Tracks, were constructed; one ona low strength subgrade and one on a high 7 : 
udies strength subgrade. (26) Each track contained both plain concrete and steel 
Ss need- 


reinforced concrete test items and were subjected to traffic in such a manner 

e level § as to simulate the actual aircraft traffic on a taxiway pavement. The results - 
's where t of these full-scale accelerated traffic : tests, a resume of which ; are ‘contained 
). It in reference (27), validated the extrapolation that was made to arrive at the _ 
aircraft above described design criteria no ‘revisions in the ss 


the quirements 


TOSS Traffic Test Tracks 
Te on The increased thicknesses (up to 22 inches) required for the 100, a 
a loading at the higher number of coverages being applied, caused increased at- 
| Le tention to be focused on methods for reducing these thicknesses through steel 
r _ reinforcement or prestressing of the pavements. An empirical reinforced _ 
Pa _ rigid pavement design criteria was developed and published in reference (28), 
eo — upon the results of the traffic tests on the reinforced rigid pavement 


nd load- > _ test items in the Channelized Test Tracks and upon previous tests on rein- vs 
the - forced rigid pavement test items at the Lockbourne Test Site. In essence this 
>with f criteria allowed for a reduction in required pavement thickness depending - i 
re - upon the amount of steel reinforcement used. Although it was realized that pa ah 
yading generally a reinforced rigid pavement would be more costly than an equivalent 
jon ae strength non-reinforced rigid pavement, there was a definite need for such a 
_ design criteria to produce some way in which certain pavement thicknesses 
could be reduced to meet surface grade requirements. This was brought 

Rtn - about, primarily, by the requirements for different thicknesses in the various 
rking j traffic areas and, when strengthening an existing pavement, it was impossible | 
h one meet surface grade requirements without either removing and 
large areas of pavements or over-designing certain areas. 


‘ Investigations of prestressed concrete pavements, which had been initiated 

in 1953, were stepped up since nce this. type construction appeared to be the best ZS 

means for reducing the required pavement thickness. Up until 1955, most of 

- the work with prestressed concrete pavements had consisted of a review of 
- theoretical approaches to design by the Preload Engineers, Inc. of hen, 

- Virginia (references (29), (30), (31), (32)) under contract with the Rigid = 
Pavement Laboratory and a series of laboratory model studies to determine 

r such variables a as friction between po slab and the : om ee — charac- 


rea, ex- 


— 
4 
itions on 
yverage 


comprehensive review of French one British procedures in ‘the design of pre- 


_ stressed pavements was made which was presented at the Highway Research 
- Board Meeting in 1957.(33) From these preliminary studies, tentative design 
concepts were developed for prestressed pavements(34) and in 1956, a 4-inch 
_ prestressed concrete overlay mat was constructed on a 6-inch plain rigid a 
pavement at the Sharonville Test Site.(35) 
overlay mat served two purposes: First, to study the feasibility 
full-scale prestressing; and second, provide some information of the per- ceed 
formance under traffic. _ The prestressed overlay mat was fully instrumented | rie 
_* measure strains and deflections under both static and dynamic loading and B-4’ 
the | mat was trafficked with twin-wheel gear loadings of 45, 60, 75, and 100 “7 
_ = . The analysis of the test results from the overlay mat were complex and ‘of th 
_ could, by no means, be considered conclusive; however, the tests did indicate 
: that construction of prestressed concrete pavements was entirely feasible — desi 


the performance under traffic indicated that these type pavements could be- — the | 
come economically competitive with non-reinforced d rigid pavements due to « 
_ drastic reductions in thickness that could be made. A full-scale, 100- foot 


sam 
long by 5-foot wide, prestressed slab was constructed in 1956 with which = the 

friction measurements between the slab and foundation were made and the for 
uset 


Slab is to be used for further buckling tests. In the meantime a series of 
4 small-scale model studies were initiated to study prestressed concrete > 4 
_ pavements. (36) It was found that the small-scale models were readily adapta- 
ble for making studies of this type and a variety of gear configurations could 
be studied cheaply and quickly. The small-scale model studies were conclud- 
ed in 1958 and from an analysis of the test results, a design criteria \ was de- 


= we 


- criteria developed by the model studies lacked « one e very important factor how- loa 
_ ever; that being the fatigue characteristics of prestressed concrete pavements.f oo, 
This could only be determined from dynamic tests such as those performed — the 
by full-scale traffic testing and hence a test track for prestressed concrete | air 
pavements was planned and constructed at the Sharonville Test Site in 1957. con 

_ A resumé of the prestressed concrete pavement investigation was givenina f gi. 

q paper, reference (37), at the World Conference on on Prestressed Concrete, held | 


about the time the B-47 pavement design were up, infor- 
_ mation was received on the forthcoming B-52 aircraft and indications were f ! 
that this aircraft would produce even greater pavement stresses than the B-47 
aircraft. When the first models of the B-52 became operational, ‘the aircraft 
had a gross weight of 460,000 pounds and a bicycle- type arrangement of the _ 
main landing gears similar to the B-47 aircraft. The gear loading was 240,000 
he pounds and was carried by a twin-twin wheel arrangement with a twin- -wheel 
_ spacing 37-inches center to center and a spacing of 62 inches between the two 
_ interior wheels. An analysis of the load- ~stress characteristics using both the 
o _ Westergaard analysis and the small-scale model studies indicated that the a 
i 240,000 pounds on this gear would produce higher stresses than the current — 
: a loading of 100,000 pounds on twin wheels. Remembering the problems 
re concerning the ground operational characteristics of the B-47 aircraft, studies 
were conducted to determine — characteristics with 52 
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_ however, ‘since few B-52 aircraft were in 1 operation, these anelies were not ie 
conclusive. Revised heavy load design criteria were established and published 
in June 1956 for a design loading of 240,000 pounds on the twin-twin wheel F 
landing g gear and using the impact factor of 15 per cent of the design gear ‘ol 
ing and the same design coverages for the Types “A”, “B”, and “C” traffic 
| areas as had been used for for the B-' 47 criteria. These criteria again had to be 
| established from an extrapolation of existing data, since these loadings e ex- P 
ceeded any full-scale testing that had been accomplished. The extrapolation | “a? 
was; pestered believed | to be valid since the previous extrapolation for the i 
1956 further field studies of the ground operational characteristics 
of the B-52 aircraft were made and showed that the degree of “wander” of the 
aircraft was about the same as for the B-47 aircraft. This meant that the i" 
design coverage level for taxiways should be the same as had been used for _ —_ 
the B-47; however, an analysis of the traffic on the runways showed that there —_ 
was an overlapping of coverages due to the twin-twin wheels and that for the 
same amount of traffic the coverages would be about three times as high for — 
the B-52 as it was for the B-47 aircraft. On this basis the design coverages 
for Types “B”, and “C” traffic areas should be 15,000 instead of the 5,000 


In June 1957, the Force indicated that a of the. B- 52 
was soon to become operational and that mecenteds to the aircraft hadin- ~~ 
creased the gross weight to 498,000 pounds. This produced a gear loading of 


265, 000 pounds on the twin-twin wheel gear, . making it more severe than the 
leading of 240,000 pounds then being used for pavement design. To further a 
complicate the situation, the Air Force announced a new dispersal concept for 
the B-52 aircraft which would reduce the number of aircraft stationed at an 
airfield from the two wing (90 aircraft) concept to a one squadron (15 aircraft) 
concept. A re- -examination of the coverages that would be produced with the © Eps). 
‘dispersal concept, and considering the new relationship between traffic and 
coverages on runway interiors, it was indicated that the design coverage level 
could be reduced to 3,000 for the Type “A” traffic areas and 1,500 for the | 
_ other traffic areas. However, the Air Force indicated that each airfield 4 
should have the capability of handling one wing (45 aircraft) and the design 
coverage levels were established accordingly. 
_ During the field studies conducted in 1954 - 1955 for the B-47 aircraft, and 
in 1956 for the B-52 aircraft, it was noted that practically 100 per cent of ne 


operations with both aircraft occurred within the center 100-foot width of the 
Tunway. From these findings, it was concluded that the outside edges of / 
runway could be designed for a much lower coverage level than the 5,000 be- 
ing used; however, since the width of B-47 runways was only 200 feet, it was" 
felt that to decrease the thickness of the outside 50 feet on each side of the 
runway was an unnecessary refinement in the design and construction. In ad- 
| dition, the Air Force still desired to maintain the capability of making take- : i) 
offs in echelon which would require full strength pavements for the full width. 9 
With the coming of the B-52 aircraft, the runway widths were increased 


thickness of the outside 100 feet on ili side of the runway would result in oan 
and there was of m King take -offs in echelon 
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“with the B-52 of traffic area, Type “Dp”, was introduced 
_ for the outside edges of B-52 runways and the design coverage level was es- 4 4 
. = The condition survey program indicated that the Type “ ‘c” traffic areas” 
were performing far better than anticipated under B-47 aircraft and indi- 


cations were that the same would be true for B-52 aircraft. . The reason for 
: the good performance was not immediately evident; however, it was apparent 
Mi ee that either the design coverage level or the design loading was higher ‘than 


- needed. _ Since the traffic studies had been used to set the coverage level on 


; runways, the logical conclusion was that the pavements were not being subject- 
= ed) to the loadings assumed in design. It was known that the 10 per cent re- 

7 duction in thickness for the runway interior pavements was illogical since this 
" represented a load reduction of from 13 to 23 per cent depending upon the ne 


i 4 a landing gear configuration and the properties of the pavement and foundation. — inc 
_ However, the reduction was a carry-over from previous criteria and was as used mu 


_ in the design criteria for runway interiors appeared to be in order to place 
5 ‘this : reduction in thickness on a more rational basis by establishing a unifor: 
A. at average reduction in load based upon the effects of high speeds and wind lift 
a acting on the aircraft. _ The reduction was established at a constant 25 per cent 


‘of the design load and was applied to all Type “C” traffic areas. _ Although the 


7 for the lack of better information in regard to the actual loadings. A chang "a 


‘same reasoning of high speeds and wing lift did not apply to such other Type § 
ss ” traffic areas as aprons and secondary taxiways, the performance of en 
pavements appeared to be very similar to the runway interiors; thus, the “g 
"same load reduction wasapplied. 0 
_ Considering the heavier loading, the dispersal concept, thinning up of run- 
c way edges, and the constant load reduction for Type “C” traffic areas, revised 
ba ‘in Feb -load design criteria for B-52 pavements was established and Bere 


1958. (38) These revised criteria were as follows: i 


265,000 pounds a twin-twin wheel gear, 37- -inches 
center to center spacing between twin wheels and 62-inches center to 4 


center spacing of the interior wheels, anda 267- square inch contact . 
area per tire. (tire inflation pressure 250 psi)) j= 


Impact Loading: 15 per cent of the design gear load. 


ae Type ‘ “B” traffic areas: 5,000 coverages at maximum design gear 
— ) Type “C” traffic areas: 5,000 coverages at 75 75 per cent of the design 
gear loading plus the impact loading. Aa 
rer: (4) Type “D” traffic areas: 200 coverages at 75 per cent of the design 
loading plus the impact loading, 
(5) The above criteria is believed adequate for a 10-year pavement life 
for: a one wing (45, aircraft). operation; a 20-year pavement life for 
combination one wing and one squadron (average 25 aircraft full ff 


ro) time) operation; or a 20+ year pavement life for a one » squadron oper-y a 


The a above criteria again had to be extrapolated si since , full- scale traffic test 
_ had not been performed at gear loadings greater than 100,000 pounds on twin | 
wheels. A test track was considered; however, information received from ~~ 
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Air Force in 1956 again in 1957 indicated that aircraft 


| within 5 years) would produce gear loadings of 325,000 pounds ar and would in © 
all probability be carried by a twin-tandem wheel landing gear. _ Therefore, it 


was decided that a test track should be considered for a gear loading of 325 — 
kip, from which criteria could be interpolated to validate the 265,000-pound a 
— twin- -twin wheel design loading. A test track at the 325 kip loading | would then — 
_ provide criteria for any aircraft in the foreseeable future (10 to 15 years). — 


a 
Accelerated Traffic Tests with Future Loadings: 
In 1957 test tracks were designed and constructed for accelerated traffic :* 
Pt. of a 325,000-pound twin-tandem wheel gear loading. Extrapolation of ¥ iy 
existing design criteria indicated that plain concrete thickness of up to 32. 
_ inches might be needed and it was immediately evident that construction of "a 
such thicknesses would not only be costly but would require modifications to “ 
_ existing construction methods in order to place such thicknesses. It was also 
_ apparent that there would be an immediate need for criteria to strength exist- 
ing pavements to carry these heavier loads. As a result of these consider- a 
ations, a total of four test tracks were designed and constructed, each approxi-_ : 
mately 500- feet long by 50-feet wide and several test items were seeneeenenes 7 WW 
to study the feasibility of pavement sections that had not previously been con- oS . 
sidered for airfield pavements, due to their excessive cost when compared to 
plain concrete. we brief description of the pavement sections in these test 
tracks, which are referred to as the Sharonville ) Heavy- Load Test Tracks, : 


Track A- Test items s of rigid overlay ‘non-bonded to a a 
| all 


rigid base pavement, rigid overlay bonded to a rigid base pavement, and 7 q 


be a multiple- layered test item composed of a rigid overlay on as asphaltic 


toe ‘concrete placed on a rigid base pavement. The high bonded rigid over- : 
2. lay item was included as a pilot study to determine the feasibility of 
the acid etch and wash- ~grout method, developed by the Portland 
eS reducing the required thickness of the overlay. The =a 
so layered test item was also included as a pilot study since it was evident 
that there would be a need for criteria to design a a rigid overlay to ey 
strengthen an existing rigid pavement which previously had been 
ie strengthened with a non-rigid (asphaltic concrete) overlay. <a 
Track B—Test items of plain concrete on lean mix (2 bags/cu. yd. Pas. 
concrete base courses. The primary purpose of this test track was to 
determine whether there were any structural or economical benefits to 
svg a high strength foundation for rigid pavements. This type — 
construction has been used with apparent success in several ed pee, ‘a 


studies and Sharonville Channelized Test Tracks previously 
|. Prestressed Test ‘Tracks— Test items 0 of 9- ~inch concrete with v various < 
combinations of longitudinal and transverse -prestressing and 


longitudinal with reinforcement in the transverse 
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The -load test tracks: were and constructed prior to the 
; change in design coverage level for the aircraft dispersal concept, hence, the 
\ array are designed for coverage levels ranging from 5,000 to 30,000+. _ Each 
_ of the test tracks is well instrumented to measure concrete strains oa 
_ pavement deflections under both static and dynamic loadings and thermo- i 


ihe couples are provided throughout the depths of the thicker test items to measur ye): 
y, 7 concrete temperatures. Pavement separation gages are provided between the cal 
iT a - overlay and base pavements to determine the amount of separation, if any, - that to j 
occurs due to traffic, temperature, etc. _ Other measurements that are made eng 
include the load transfer obtained by -doweled longitudinal construction joints, § con 
joint openings and closures due to temperature changes, continual surface rav 
air 


profiles and cross sections, and co continuous ous observations of 
_ Construction of the test tracks was completed in late 1957 and traffic test- | gea 
ing was ‘commenced in the spring of 1958. ‘Instrumentation tests have been Z few 
made on each test track at loadings: of 100, 175, 250, and 325 kip, with the ex- | rol 


. ception of Track C and the prestressed track on which the maximum load to qui 

date has been 275 and 265 kip, respectively. Approximately 10,000 coverages hay 

& the 325 kip load has been applied to Track A and approximately 2,000 cover- fic; 

ages of a 275 kip load has been applied to a portion of Track C. As yet, in- pr 

: sufficient traffic has been applied to draw significant conclusions as to the | — 

_ thickness requirements; however, it _ does appear that the extrapolation . no 

a e 1951, , the rigid ps pavement investigational progr: odebiiiiis has been pr _—— a 

pointed toward providing valid design criteria for the heavy-load 

since the gross weights of the bomber aircraft have increased rapidly. Only Joi 

_ very minor revisions have been required, insofar as pavement thickness cri- 29 

- teria is concerned, for the light-load pavements since the growth in weights 4 Ce 

of the fighter-type aircraft has been relatively small during this period. In | Ras 

addition to the development of the light and heavy- load pavement design cri- -— st 

_ teria, rigid pavement design curves have been prepared for practically every = 

gear configuration on | existing military aircraft. In In all, there are approxi-— 

at 

mately 17 different configurations of aircraft main gears consisting of single- 

wheel , twin-wheel, single-tandem-wheel, twin-tandem-wheel, twin-twin-wheel,} _ 

= dual-twin-tandem-wheel groupings with a variety of wheel spacings and 4 “ 
‘tire contact areas. However, practically all military airfield pavements today f 

designed for either the light-load or heavy- load criteria. ‘Other designs 

are only used for very special conditions. 

‘The paper thus far has dealt primarily with the development of pavement — - 

thickness criteria. Needless to say other problems have developed in vemneil “ 


to o rigid pavement design and construction which have necessitated studies and 
- investigations. The advent of the jet age in the late 1940’s and early 1950’s | 
created many problems, not associated with thickness requirements, such as 
_ jet fuel 1 spillage, heat and blast, requirements for smoother pavements with — 
less grade changes, and the need for debris free pavements. The spillage of 
jet fuel during refueling operations or during engine run-ups softened eS 
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‘fuel resistant sealing material had to be | developed. Hi Heat ¢ and | blast from 

e, the f the jet and rocket motors were found to be of such intensity, with certain | air- 

_ Each § craft, that it caused deterioration of the concrete surface. Anextensive 

_ investigation has been performed to measure the pavement temperatures cre- 

ot ated by the e: exhaust of jet aircraft and heat resistant materials have been de- é 

measur veloped which can be bonded to the surface of concrete pavements in the criti- " 

een the § cal areas. It was evident that debris on the pavement surface created a hazard — 

ny, that to jet aircraft operation, since the foreign . materials could be pulled into the 

made _—} engine by the intake airstream and could cause extensive damage and even ; a 


complete ‘destruction of the engine - This: meant that pavement spalling and 


oe ' raveling | which could be tolerated to a certain degree with propeller-driven | 
aircraft could be disastrous to jet aircraft The higher take- off 


een fewer grade changes and less abrupt grade sec to prevent pitching and 4 
the = rolling of the aircraft during ground operations. The thicker pavements re- 
ad to f quired for the heavier aircraft introduced many construction problems and © at 


erages | have necessitated many changes in construction rigid speci-- 
0 cover- 

, in- | pr 

the 

of | st 


a - thicker and thicker pavements as aircraft loads increase. The present — 
alll Sharonville Heavy-Load Test Tracks, which have concrete thicknesses up > . 
32 inches, have indicated that it will be 2 extremely difficult to build non- 
~— reinforced rigid pavements in such a way as to provide the required smooth- “7. 
imarily | 2eSs | and crack-free pavements that are required by the present and future = | 
nents high performance aircraft. There are strong indications that modifications in 7 
- Only joint designs will be needed to prevent spalling along the joints in thicker 
pavements. These, along with | many other associated problems, have led the 
Corps of Engineers to give s serious consideration to less conventional 
ights 
4. In pavement construction, such as steel reinforced rigid pavements and pre- 
Stressed | concrete pavements. The non- conventional pavement nt types, ‘which 
“in the past have always been considered to be uneconomical, may soon prove | a: 
to not t only be more economical but essential for satisfactory aircraft oper- — 


oxi- | 


Corps of Engineers’ pavement investigational program, especially dur- 
- the past 10 years, has proven the necessity for the pavement designer and > 
the aircraft designer working together. It is absolutely essential that the ey 
pavement ‘design engineer know not only the aircraft load and gear configu- 
ration, but he must also know the ground operational characteristics of the bie Se 
aircraft. It is equally important that the aircraft designer know the mechanics. — 
of pavement design if he is to intelligently select the gear configuration that ‘ j 
will best distribute the load of the aircraft to the pavement. The following | = 4 
| gives a cursory check list of essential aircraft information that is needed for pet —_— 


of pavement thickness design criteria: 
ol a. Aircraft Loading: The factors that must | be considered when speaking 


; “a of aircraft loading are many and varied. For example, it is not suf- 
ag ficient to know only the maximum gross weight of the aircraft without — 

also the — of gross weights that be during 


7 every 
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or the operation of the aircraft. . For: military aircraft, the gross weight | 
“ay varies depending upon the operational mission. These missions gener- 
=) ally are classed as transition training, operational training, full-scale 
“ree target mission training and actual combat missions, with each mission | 
"representing a different operational gross weight. Although pavement 
ree designs are generally | based upon | the operations at the maximum gross 


= weight of the aircraft, , these other operations and weights must be con- 


be Landing Gear Configuration: Information must be obtained on the 
arrangement and spacing of wheels; the distribution of weight 


on each main and auxiliary gear; and the arrangement of the main gears 
as Pressure and Contact Area: : The size of the tire, the normal verti- 
cal deflection of the tire, and the standard tire contact area for a com- 
plete range of loadings must be determined. — 
4 Traffic Pattern: : This involves a study of the normal flow of traffic. 
— That is, determinations must be made of the number of aircraft and at 
What loading these aircraft use each pavement feature. 
e. Traffic Distribution: Determinations must be made of the lateral distri- 
— bution of traffic on each pavement since this determines the number of 
ie times that a pavement is subjected to to load. Traffic is normally dis- - 3 
tributed ov over a wider area ona runway, for instance, than ona taxiway. 
Naturally, if all aircraft traffic is funneled into a narrow line (channel- 
ized), the ‘pavement in that area is subjected to many more stress repe- 
a he titions than is a pavement where the traffic is distributed over a wider 
Traffic A determination | must be made of the ‘number r of 
om traffic cycles (combination of landings a and take-offs) that will occur at 


ih closing, it is desired to re-emphasize that although considerable work | . 


‘tee for new tvpes of pavements that will reduce the required thickneoetl 
F: for both current and future aircraft. ia Speculation indicates that future aircraft 


Me _alize, pavement design problems will increase accordingly. 
1 = ney The commercial “jet age” is just now getting under way and while the com- 
- mercial aircraft gross weights may never reach those of the military aircraft, 
cs it is safe to assume that they will “ “grow” in both size and weights from those 
being used today. Gear configurations will also vary and the traffic volume, 

which is already higher than on military airfields, will probably increase as 

_ pavement layouts a are improved. 0 The civil airfield pavement designer will un- 
4 _ doubtedly be confronted with many problems that the Corps of Engineers’ has 
faced over the past 10 years. _ Additionally he is quite likely to face many _ 
_ problems beyond the e scope of the Corps’ rigid pavement investigations. —‘Itis 


hoped, however, that the foregoing di discussions will assistance and 
— in either situation. 
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‘The studies rer reported in this paper have been carried out out by m members of 
the Staff of the Rigid Pavement Laboratory of the Ohio River Division Labo- 
ratories as a 's a part of the Corps of Engineers, U. Ss. Army, Rigid Pavement | 
Investigational Program. This Program is directed and coordinated by -_ 
members of the Airfields Branch, Engineering Division for r Military Con- — 
struction, Office of the Chief of Engineers. The work described herein was . 
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CONCRETE PAVEMENTS 
Eric. C. Molke,#1 F. ASCE 


Wen design a a rigid pavement with the general for an 

_ elastic beam or slab on elastic foundation. The basic principles were first 
applied more than 70 years ago for the design of railroad ties ; supported on 

 Westergaard, more recently has transformed the the solution for the moments — 

i. the linear beam to the distribution of moments caused by | wheel loads along 
surface of a pavement Slab 
‘The left half of Figure 1 illustrates the classic solution for deflecting and 

_ bending moments in the linear beam on elastic foundation. . It is assumed that 
the foundation acts on the beam, like a system of elastic springs, but also - 
that the beam behaves elastically perfect. The bending moment is positive 
on its maximum under the load anc oscilates rapidly to zero in a damped z 
wave, causing small negative moments before the load : is absorbed complete- 


“mum negative moment is about 5 to 1. ‘The: distance from the load to the = 
point of zero moment (point of inflection on the displacement curve) isa _ 
_ measure of that portion of the ground which takes an active part in support-_ 
ing the load. this } distance is small, soil pressure under the load will be 
high; but bending moments in the slab will be low, as the slab will have little 
work to do, only spreading the load over a small distance. 
Note in ‘the formula of Figure 1, that this distance and consequently the ree 
_ Sulting bending moments will be greater with greater stiffness EI of the beam = 
and also greater with poorer soil, that is one that has a lower modulus of sub- 
J grade reaction. The isometric view in the right half of Figure 1 describes the re 
dished deflected surface when a pavement is loaded. The circular bent por aia a 
tion of the slab acts like a shield protecting the ground from an abrupt = | 
destruction by the wheel load. . A unit element is also shown in order to il- = 
— the protective action of radial and tangential moments in the dished mE 


slab. - The d distribution of f the radial and tangential moments is sh shown below. ew 


Note: Discussion open until December 1, , 1959. . Toe atta the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. Paper 2119 is _ 
part of the copyrighted Journal of the Air Transport Division, +a of Pre 


q American Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959, on 
Summers, Munninger & Molke, Cons. Engrs., Albany, New York. 
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_ Again we can point out the distance to the point of zero radial moment (the a 
‘point of inflection). . Roughly this distance is referred to as the radius of rela- 
_ tive stiffness. The { greater the stiffness of the slab EI, the greater willbe _ 
this radius and i consequently also th the protective bending» moments in the slab; 
the better the soil value K the smaller will be the protective shielding action 
of the slab. As can be expected, greater slab stiffness or poorer soil value — 

The above described conventional classic design p procedure are e based ona 
perfect elastic behavior of the beam or pavement slab, the shape of the de- i 
"flection curves being assumed continuous, as it ‘would ‘be before formation ot 
cracks. . Indeed no cracking of the bottom. surface should be allowed for plain 
concrete pavements and a sufficient factor of safety (better called “impact 
factor”) should be provided | to prevent or postpone the formation of cracks in 
know, however, from experience t that minute cracks will eventually 
form in the bottom of a pavement which will in the course of time and unter 

repeated traffic work themselves to the and cause the 


will cause a re- Foose of bending moments. . This is illustrated on me "7 
tic supports in Figure 2, for the simple case of a beam. All conclusions — a % 


be 
1 4 
7 4 cr 
| 
— 


i. supports with gradually increasing “tearsgo as it will occur before the 
formation of any cracks that is in the so called “Elastic Range.” It can be od 
noted that with gradually increasing load, bending moments and deflection 


| will increase proportionally up to the point marked 35, which represents the 


critical load under which cracking due to the maximum positive moment wie 


= At this critical point the “Plastic Range” begins, which is illustrated in 


e de- 
ition of 


or plain 


— 2 at the right side of the illustration. This bending phase is ial 
“plastic” because cracks permit a certain yielding in the shape of the deflec- oa 
becoming slightly angular. In a a material less brittle than concrete, such : as : 
for instance with steel, similar yielding of the shape could occur without — 7 7 
actual cracking. — However, when this plastic phase | is reached, even the best - 
"materials will loose some of their elastic qualities and will not return to a 
“their original shape after passage of the load. 
AS can be noted in the e right half of Figure 2, there is a tremendous reser- : 


cracked at the end of the elastic range. Before cracking, most of the load = 
was distributed to the ground by a he pgp action of the es with posi 


creasing negative m moments. When the negative faint in | Figure 2 reached | 


the level of the maximum positive moment where the first cracks in Figure 20 

have been indicated, another series of cracks will occur in top leading to final 
eee of the beam beam <T pavement. It should be noted that the load — ; 
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* 1 the or range is almost three times as as large as; as in the elastic range. 
sa is evident that we could not exploit the extra carrying capacity of the 

7 plastic range when dealing with a brittle pavement material like concrete. | 

Even with a tougher | material like steel, it would be dangerous to design for 


= hair cracks in the bottom under the ‘passing load, so essential to obtain the > 
beneficial re redistribution of moments in the plastic range. After passage 
- the load the | prestress will harmlessly close the cracks and r re-establish the 


level surface ofthe pavement. 
‘This in essence is the principal reason for the increased ee capacity 


a pres stressed concrete pavement. 

_ The increase in carrying capacity has been illustrated in n Figure 2 from © 
- test results using strain gauge measurements on small models of pre- 
stressed beams on elastic foundation. - ‘The | conclusion drawn from such two 
_ dimensional beam tests also proves to be correct for the application to the _ 
three dimensional pavements on elastic foundation. 
“4 itt should be noted that on ordinary : structures, | prestressing is generally 
used to produce stresses opposite to the ones expected under final loads, so an i 
that prestress and final load stress would cancel out each other. . This princi- J 
ple cannot be applied with a a pavement, where moving loads , produce anever | 
. changing pattern of stresses which cannot be provided for, except for the 
' - simple fact that prestress merely would add to the tensile strength of con- 
crete, | the latter being the basic criteria for pavement design. Knowing the 
behavior of bending in the plastic range permits, however, a much better 
of the advantages from prestressing a pavement. 

_ The diagram in Figure 3 indicates, strikingly, how action in the plastic 


: range will decrease the critical bending moments. Horizontally, is plotted 
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‘the dimensionless | coefficient: Moment per unit over wheel load. Ver- 
tically, is plotted also a dimensionless coefficient, that is; Average radius of 
foot print of wheel load, divided by the radius of relative stifiness of f the pave- 

| Curves *A” and “B” are for the maximum positive and negative bending 7 
"moment values in the elastic range, as indicated schematically at right by the 

lower curve for radial bending moments. 
: Curves “C” in the diagram applies to point C of the upper curve at right | 
which is drawn with the assumption of a full plastic hinge under the wheel, 

a= ae Curve “D” in the gene applies to the two | points D along the remaining 

apacity | moment curve at right. This moment line was drawn with the assumption of 

c such a plastic moment release directly under the wheel, which would reduce 

the maximum positive moment to about the value of the maximum negative | 
“moment Points indicated by small circles near curve “D” indicates moments 
at failure in the plastic range on small prestressed model slabs.’ a 
bs Prestressing, besides increasing the carrying of a concrete pave- 
ment, has still another perhaps greater advantage. It will make it possible sible 
to increase the distance between pavement 

When depending only on the tensile strength of the concrete, as we do with 

as“ 4 conventional plain concrete pavements, we must t provide joints about 25 feet 7 

apart so that no tensile strength of the concrete. must be dissipated for the | dl 

prevention of cracks. Cracks may form by ground friction, caused by con- > 
traction due to shrinkage or temperature. Bending due to secondary moments Z 


such as from the temperature gradient within the pavement or from slight dif- ae 


ferences in the ground support raight also cause cracking unless frequent iy 
joints were provided. Most of all, the arrangement of joints themselves, i 
their intersecting corners are | the cause of further cracking. Pex 


_ The multitude of joints in a _ conventional pavement will be the first cause 
of its disintegration. Even if it were possible to provide economically joints — 


-dous handicap to a pavement, if they permit entry of water into. the subgrade. a 
= With the use of jet planes, ) any desintegration of the joints becomes 3 parti- 
There are types of pavements which can be made for any 
length without joints. It is also possible to arrange them with expansion © 
joints at say 1000" ‘Spacing ¢ or farther apart. _ However, with such extremely 
large joint spacing, temperature and shrinkage stresses do become a great 

_ problem also with prestressed slabs, because the friction between sub- soil 


long pavement. It appears, that it is uneconomical to arrange expansion ite 
more than about 500" apart. With such large spacing it becomes possible to 
“allow fora better type expansion joint, employing proper protection 


‘minimum to permit freer action. 
_ At present, three methods of prestressing are used. 
2 Jacking the pavement against non- yielding teats at — ona and 
the pavement in this contracted There a are no expan- 
joints with this method. 
note at end of 
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be Post satin that is leaving holes o: or r conduits in the concrete, within 
_which prestressing wires or cables are pulled taut by anchoring them 
_ against the ends of the slab j after the concrete has hardened. . Then = 
_ wires are stretched and the concrete is shortened at the same time. In } 


that is or wires between temporary 
abutments, casting the pavement slab around the stressed steel units 
cutting their anchorage at the end, when the concrete has 4 


The concrete only becomes compressed 0 or prestressed, when 


ends are cut loose from the 


and 1500" 
The runway is by expansion joints into section 500° ‘The 
pavement is cast in three ribbons each 25" wide so that conventional paving y 
_ machinery could be used. The specifications required a concrete prestress _ 
of 300 psi in the longitudinal and 175 psi in the transverse direction and per-— 
= to bid any of the now conventional prestressing methods. = 
A friction reducing sand layer was covered with a plastic sheet over which 


pavement was cast. The side forms were 25" apart and 
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CONCRETE PAVEMENTS 


on steel chairs thru which the transverse prestressing 
_ wire will be fed after all three 25" wide strips are cast, side by side. 
Pl -_ The 500" long longitudinal prestressing units consist each of 12 wires” 


_ straightened bya preliminary tensile force applied whe long handled i 


F Transverse and longitudinal units are wired together securely before plac- 


ing the concrete. Along a transverse stressing unit straddled by the legs of 

one of the steel setters, a series of projecting grout nipples are provided in - 
_ the longitudinal u units to to allow the injection of pressure grout to fill the hol-— “7 

low spaces between the stretched wires in the 500" long conduits. i 

% Concrete was placed by conventional machinery; even internal vibration 
can be applied, in spite of the presence of the prestressing units. 

- Stressing of the wires is done by hydraulic jacks, in the very ‘same manne) nner 

as done on building and bridge work and does not offer any particular diffi- | 

- culty, since the — between wires and conduits is exceptionally low “ith 


_ This paper merely eo to convey the basic principles for — 
concrete <a Much could be added in regard to the — in 
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We must realize ‘that only because concrete is such a cheap material it 
‘becomes attractive to rely on its small tensile strength, when designing con- 
- D ventional pavements. Strength for strength, we would not be able to achieve 

- economy by merely substituting some of the concrete thickness with pre- eS 
_ stressing steel. We should, therefore, admit that anew prestressed pave- 
s might be higher in first costs, at least at this time, when we are still 
inclined to be a and are over-designing and over- specifying this new 

‘There is reason to believe that the usual post 
for longer runway pavements, , which we have copied from European eset 


‘operation, which has proven itself so economical in other fields of American 
_ prestressed concrete construction. Particularly attractive is the fact that a 
* pee steel, embedded in the concrete, will protect the freshly cast _ 
concrete from cracking, while the perforations with the conduit tubing in post 
tensioned slabs can cause preliminary cracking during the 
concrete in its unstressed stage. aie 
particularly promising field should be in the of 
concrete overlay slabs for airfields that have now to be strengthened for the — % 
heavier plane loads. Particularly promising should be an application over + 
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_ CONCRETE PAVE MENTS 


A, protection with lesser thickness and thus is sufficiently — to ) leave s some 
Supporting action to do for the old pavement underneath. a 
_ The possibilities with prestressed concrete pavements seem to be tre- 


‘mendous and we can be sure that careful | engineering, together with = - 


Ohio River Division Laboratories in Cincinnati, Ohio, ‘Mr. F. M. Mellinger, 
Director. e 
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EFFECTS OF JET FUEL SPILLAGE BLAST ON 


| several civil ne of the Giiee ‘and as s time goes ¢ on n the number » will i in- 
crease. Much has been said and written(1,2,3) about the pavement design 

problems : associated with the effects of jet fuel spillage and heat and blast on | 
airport pavements created by the operation of the turbine-powered aircraft. | 
Much attention has been directed to these problems. Reports of damage have 
come from all sections. . Frequently these reports have been misinterpreted _ 
due to incomplete data and lack of knowledge of operating procedures. ae 
_ We in the Federal Aviation Agency have followed very closely the work of 
the interested and concerned segments of the Department of Defense relative 
to this problem. We have studied their operational techniques and analyzed 
their results, . all of which have been of substantial benefit in coping with this © 
problem for civil jet aircraft operations. It has been necessary to modify _ 
and interpret certain aspects of the related military findings and apply ie 5 
to the civil operations in consideration of revisions to engine and aircraft 

| characteristics previously published. (1,2 »3) This paper therefore ~ill re- 
view the pertinent factors a on this problem and their probable 


Heat and Blast 


behind the jet engine and transmitted to the pavement surface. 
ture on the pavement surface is governed es ee) 
1. The temperature and velocity of the gases at the jet orifices. © 


The height of engine nozzle above pavement. 
3. Duration of the exposure of the pavement to the exhaust gases. 


_— written request must be filed with the Executive Secretary, ASCE. Paper 2120 is 
part of the copyrighted Journal of the Air Transport Division, Proceedings of the | 
American Society of Civil Ve Vol. 85, No. AT a, July, 1959 
*Engr. , Airports Div., Bureau of ‘Facilities, Federal Aviation. 


1. Slides were used to illustrate Mr. Lichtefeld’s raiaiians: 
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The critical factor with respect to the eliects Of heat and blast on the 
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4.7 
ro by operating inboard (No. 2 engine) and outboard (No. 1 engine) | 
JT3C-6 engines. The tests were conducted by Boeing A Aircraft re on 7 
the 707 aircraft under the following conditions: 


1. Engines equipped with sound suppressors and thrust reversers, both of 


o 
2. "Deviation of the engine from the horizontal was 5 2°. 


se 3. Height of inboard engine nozzle center line above ann was 57 7 


outboard engine was 80 inches. 


The maximum surface temperature was approximately 220°F for the No. 2— 


engine at a point 35 feet aft of the inboard engine. The maximum surface — 
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point 55 feet aft of the outboard engine. 
_ The temperature difference on the pavement surface for the inboard and 
outboard engines is in agreement with previously reported data that decreased 
height of tailpipe above ground with constant angle of inclination increases the 
surface temperature. (5) The above indicated height of inboard engine tailpipe _ 
center line is for maximum taxiing load (248,000 pounds), andis some 7 
inches lower than the height for operating weight empty (120,000 pounds). — 
7 Variations in height of this order will have no material ‘effect on the surface _ 
“temperature since a 23-inch height difference between inboard and outboard» 
- engines resulted in only a 20° differential in surface temperature. The ll 
deviation of the engine from the horizontal does not vary appreciably during 
- actual operations, except at higher rolling speeds associated with takeoff. 7 
‘For the latter condition, any increased heat due to an increase in the eatin 


inclination will have negligible effects on the pavement since its application 
be practically instantaneous. 

Figure 2 represents a calculated temperature survey of the flame pattern 
of a JT3C-6 engine at takeoff power for standard sea level and static 
conditions. Applying two governing factors under which the tests in Figure 1 
were conducted - 2° inclination and a center line tailpipe height of 57 inches 
above the ground - to the flame survey in Figure 2, there results an indicated 
- surface temperature of approximately 185°. This is about 35° less than that 

observed by actual measurements in Figure a Actual measurements are 
_ preferred; however, the above analysis may be made to give an indication as- 

to what may be anticipated from civil turbine-powered aircraft operations. - 
; Ih Figure 3 is presented similar data for a later version of the Boeing 707 oa 


with a JT4A-3 engine delivering more than 15,000 thrust pounds. It will be _ 
‘notes that the indicated temperature at the pavement surface is 225° for ae 


to be used on the Convair 600 Jet Liner. +The thrust of this engine approxi- 
mates that for the engine shown in Figure 3. _ _ The inboard engine of this air- _ 
craft has a center line tailpipe height above the pavement of 56.5 inches with — 
, a minus 4. 6° deviation from the horizontal. The plot of these data shows a | _ 
maximum pavement temperature of about 225°. The aft fan of this engine 
produces cooler exhaust temperatures. The central 150° and 200° tempera-_ 
ture cones of the exhaust gas are approximately 6 feet and 8 feet in diameter 
q and extend to 34 feet and 38 feet, respectively, behind the tailpipe; for the 
z JT4A-3 (Figure 3) the cone diameters are 8 feet and 12 feet and extend 65 
i. feet and 105 feet, respectively, behind the tailpipe. This reduction of high — 
temperature cones is accompanied by secondary cones of a larger diameter aa 
forarelatively shorter distance. 
In considering the calculated temperature surveys of the flame patterns, a 
it was assumed that ambient temperatures would have little influence. (5) Z 
Thermal energy dissipates when (1) there is volume and pressure change, and 
(2) when there is heat loss due to the temperature gradient. The high tem- ; 
peratures behind the nozzle would not be materially affected by changes inthe | 


‘ ambient temperature with respect to its effect on the pavement. Additionally, © Ds: 
_ changes in ambient temperature are of no consequence in the outer reaches of | : 
’ _ the temperature cones of less than 150° since that temperature range has no oa 
affect on the problem at hand. The analysis is further complicated by the 2 
absorption to color coupled the jet blast 
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reflection characteristics when the acts asa 

_ The time of exposure of the pavement to the exhaust gases has an effect of 
producing high | temperature peaks especially under full power « conditions. ‘The 
civil airport complex (runway -taxiway-apron) will not be subjected to. the pa. c 
"severe run-up operating conditions of the moving and nonmoving military 1 

_ aircraft for starting and pre-takeoff situations. A limited number of Boeing 

107 aircraft operations recently were observed at Idlewild International Air- 

and the results are tabulated below and d compared to to data for 


‘Time Power Time 
— 


to 20% 2.1 Min. Min. Idle to2 to 20% 2Min. 
A 
to ‘to 60% Min, “Min. Idle to Idle to. 100% 2- Min. 


he time elements subsequent | to the starting of of the first engines es are: 
minutes. on on the cram 


Naturally, the taxiway time varies with the activity on the taxiways and the yi 

7 runway selections on any particular day. It can be expected that some of the | 
time elements and the procedures involved will change from location to loca-_ 
tion; however, there is no indication of operating the engines at a rather high | 
power setting for a considerable length of time while on the ground. 
Studies conducted by the Corps of Engineers(1) indicate that high tempera- 
tures" will melt the bituminous cement and blast erodes the pavement. — —_ ha 


critical temperature for bituminous pavements are: 


bas e) 2 minutes on runway end prior to takeoff soap or 


Asphaltic Concrete Approximately 300° F 
. . Approximately 250° 


} q “The only effect of heat and blast on portland cement concrete pavements is ae 


_ that some joint filler material will soften and be displaced. The indicated _ 

- surface temperature of approximately 225° that will be induced in the pave- 

- ments from the operations « of the civil jet airliners are - considerably below | 

~ reported critical range that produces erosion in the pavement. Reference 
is made to the critical pavement surface temperature since tests have smell 
shown that temperature decrease rapidly with depth in the pavement, averag- 7 

“ing 65° to 100° less at 1-inch depth than at the surface. Further, the civil — 

_ operations on the ground and the aircraft type vary considerably from the Be: 

_ military. 2 _ Therefore, where civil operations are occurring, it can be expected — 
that bituminous concrete pavements will give satisfactory performance. 

_~ In considering velocity effects, it follows that if heat causes no serious tae 
damage, then the velocity | effect should be | negligible. _ It is generally ie 
that higher velocities obtain with high temperatures and these high tempera-_ 
tures are reached at full power where the maximum gas velocities are pro- 


duced. Ine other words, if heat is causing any damage, it could be nen that % 
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of the gases have increasing effect. Data available to our of- 
+ : fice indicate that the maximum velocity effect at ground level from engines x 


approximately 300 miles per hour. Ata of 100 feet from the air- 
plane tail | (165 feet from the nozzle), the velocity is of the order of 100 miles — 
per hour. These results are typical of the JT3C-6 engines in 1 the Boeing 707 4 
aircraft at full power setting. A Based on the above discussion relative to rela- 


‘the takeoff operation » which ‘employs : a minimum time at the - runway ‘end, there 
_ does not appear to be any need for treatment or stabilization beyond runway _ 
ends to eliminate the effects of erosion. If the practice develops that a run-up 
‘operation is necessary prior to takeoff, then an area 100 feet in length for the 

width of the runway may treatment. a 


low volatility jet fuel for turbine “powered aircraft c on n asphalt pavements it 

_ leach the cement from the aggregate. Tar concrete is relatively unaffected 
_ by the action of jet fuel. One of ihe hasentesiatiee of the jet fuel is its slow 
_rate of evaporation by comparison to gasoline. Occasional spillage will | i 
evaporate and cause no significant damage; repeated and continued spillage 
in any one area due to engine shutdown, refueling, and frequent fuel checks" 
will produce softening and disintegration of the asphalt cement and will re 


use the low volatility type of fuels. 
_ The most critical areas where fuel spillage will cause distress to the 


bituminous pavements are refueling points, parking positions on aprons, and 
aircraft servicing areas. Recent at Washington National Airport 
a tions of the source of spillage from these pete 


| 


4 


towed: to flow onto the pavement. _ Approximately eight ounces of fuel could be 
spilled through each tube. Another source of spillage (1 pint) results when ; 
are turned off. Operation of this aircraft when turning from the run- 
= or from one taxiway to another results in considerable spillage tarongh 
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aircraft is equipped with a pan which collects any ‘with- 
the engine when the power is turned off. On takeoff, this fuel is blown 
from the pan: by the air ‘stream. No spillage occurred when refueling or __ 
_ checking the fuel level. For the fuel el check, the os is equipped with _ 
a drippings collector. 


Fairchild F- -27 


No fuel for refueling operation or fuel ‘There is 
slight spillage when the power is turned off. At Washington National Airport, 
portland cement concrete and asphaltic concrete pavements (with and without — 
coal tar pitch emulsion seals) are in place at the gate positions. _ ‘The portland 
\ cement concrete pavements show no signs of deterioration due to jet fuel y 
i spillage. ‘The application of a coal tar emulsion seal to the bituminous pave- 
~ ments has proved beneficial, however the efficiency of the sealer is lowered 
when the surface is broken by locked-wheel turns, tire chains, and snow 
plows. During periods of heavy traffic concentration, aircraft are not al- - 7 
; ways positioned on the concrete pad of the parking area and thus are parked +i’ 
on the bi.uminous surfaced areas. An area where fuel trucks are parked 
_ shows the effects of fuel leakage penetrating the pavement surface. On the — 
hangar maintenance aprons, the asphaltic concrete surface is softening. al 
é is undoubtedly due to — spillage of high detergent oils, brake fluid, and 


hangar a: areas, , there is no > indication of harmful effects of fuel spillage. _ — 

a Conditions similar to those noted at Washington National Airport have 

_ been observed recently at other civil airports. It can be appreciated that 

_ maintenance techniques will play an important part in preserving asphalt — 

_ pavement surfaces. The methods and materials used to blot up spilled fuel, 
cleaning procedures, ‘surface washing with detergents, , and needed surface 
‘emi are all a function of operations at any specific airport. if 
wa problem of fuel spillage on bituminous pavements wiil not become a 


less when related to quantity of fuel used. Fuel volumes are at an all-time 
“high : for airline operations and the volumes are ype to increase. An in a 


can that pavements will not be adversely af- 


fected by d the heat and blast of turbine- -powered civil aircraft. 
2. In | areas s (refueling points, parking positions on aprons, , and aircraft 
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It does not appear necessary to stabilize the area contiguous to runway 


assistance rendered by Mr. C. R. Foster of the National Bituminous Concrete 
Association; and to the several aircraft manufacturers for furnishing certain 
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RUNWAY. LIGHTING - - NEW YORK INTERNATIONAL AIRPORT _ 
‘To ‘meet the demands of increasing air traffic, The Port of New York ® 
_ Authority began in 1957 construction of the new instrument runway 4R-22 Lo 
at New York International Airport (Idlewild) . . This runway which will be 
_ placed in operation this fall will be parallel to and 3000 feet east of the Ty 
present instrument runway 4L-22R. Although existing 4L-22R is equipped | 
_ with complete dual ILS and approach lights, this runway i is lighted with the a 
_ standard hi-intensity edge and threshold lights. _ The new runway 4R-22L will ‘1 


_ incorporate the best industry thoughts on visual aids from all sources to sup- 


plement and refine the concept developed - the Aviation Planning Division of 


The following summary specifically describes the lighting features: 


1. Elfaka type narrow gauge runway lighting as follows: | 


Dh a. 3000 feet on 100 foot spacing at each end of the sil 


Lees gauge is 60 feet, outside 75 _— 


Centerline lights sp: spaced 100 feet apart starting at the termination 
gauge lights and to of x 


c. 1500 watt for deicing each | unit. 


(2 Hi- -intensity runway lights ‘aeeneneeed spaced 100 fe 100 fe am t apart ‘(usually 200 20 


3. Four high- speed turnoffs (2 in each inet located 3330 ft. and 5730 ft ft. 


4. Centerline, ‘surface ‘mounted, low intensity, y, closely lights. to illumi- 
a nate the centerline of the high-speed exit from the point of turn on the run- a 
Way. The final selection of fixture and details of installation are expected 
a ~ to be made in the very near future. The problem has been one of resolving 
4 an installation that will have no surface protrusions to hinder the high- - 


speed plowing operations that are necessary during periods of winter snow. 
“Wow Wilke open until December 1, 1959. To extend the closing date one a 
a written request must be filed with the Executive Secretary, ASCE. Paper 2121 is 
7 part of the copyrighted Journal of the Air Transport Division, — of the © 
_ American Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959. 
-*Chief, Aviation Planning Division, vom of New York Authority, New York, 
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a: Narrow gauge may | be operated on 100 or + 200 foot spacing as as desired. 


Because of. of from positive indication 


— will be provided to controllers that current is flowing to both marrow 
7. 


gauge ‘lights a and edge lights. 


Automatic s stepdown maximum to 25% (Step 5 to Step 4) 
after 15 min., on narrow man\ resetting. (Simi- 


‘Automatic turn-off of ‘Elfaca. fixture ater 1 hour - - requires re- 


Elapsed on Steps 5 &4 of Elfaka lights. 

+ The hi- -intensity runway lighting installation which has been installed and 
fli 


ght tested at Dow Field and which is presently under construction at New > 
York Airport is significantly more expensive than the conven- 
tional standard. For that reason a ‘more modest installation may be needed — 
4 at airports of lower traffic intensity. y- Notwithstanding, the n narrow gauge and 
centerline concept is very much worthy of consideration though its an deol 
P.4 tation may be of the pancake type fixture vice the flush hi-intensity fixture 
° _ Inasmuch as the effect of weather diversions is severely 1 restrictive gl 
‘the standpoint of fueling, passenger convenience and the aircraft utilization ay 


- factor, the benefits should far exceed the | cost of the new runway lighting . 
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APPROACH AND RUNWAY LIGHTING AS VIEWED 
‘THE AIR LINE PILOT 


regarding Airport Lighting established by the ALPA Board of Directors in Be &g 


First, I would like to read to you the Air Line Pilots Association Policy 


1948 and 1950. "Recommendations for airport lighting at all airports 


with street lights, other miscellaneous lights, or - reflections. ~staos 


* Runway lights that will not be rendered inaffective tive by ic ice and snow. 


= Runway lighting for. daytime use under poor r visibility conditions. 
lights: that will ill be e designed to prevent da reflection. 


‘56. Distinctive taxi strip lights, preferably blue in n color. 


Distinctive taxi strip for r day and night usa usage 


Light System. enc masses 


2. ‘fopwonen Lights be installed a minimum distance of 3,000 feet beginning ~ 


fromthe ends of principal runways. a 
3. The System is to be visible e through 180° (90° to. to either. “Side of the e approach 


4. That it be instantaneously identified and recognized as an oe light 


under all conditions of reduced visibility. (Board 


open until 1959. To ext extend the « closing date one 
a written request must be filed with the Executive Secretary, ASCE. Paper 2122 is 
part of the Journal of the Air me of 


r 


eeional Safety ‘Chmn., Airline Pilots Assn., Fort Worth, Tex. 


New 
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—, 
The installation of high intensity runway Lights — a ean spread 
least equal to that of the AGA type runway lights. peo ae prend at 


2. Lighted ru shall be visible when 360°, when 
approaching at 90° to the and when on or approaching extended 


3. To increase the ‘of such lights under certain weather conditions 
and to prevent light blinding, the tower operator, without leaving his post of - 
duty, should be able to regulate the intensity of the runway lights either by — 


rheostat or other suitable wring 


— 


_ Today, some 9 to 12 years iat these recommendations have become a 


reality. Numerous Configuration “A” “Approach Light systems are commis- 
_ sioned, or in the process of being installed at many of our airports. Most of _ 
these systems contain, or are programmed for the addition of Condenser _ ag 
Discharge Sequence Flashing equipment. Most airline pilots have had an op- 
: Pere to fly this system in marginal weather conditions and proclaim it to 
* the greatest contribution in the approach to all weather flying. » re ae 
Captain Ernie Cutrell received the first ALPA Annual Safety Award at the 
_ALPA Safety Forum in 1957 for his development of the ALPA Centerline Sys-__ 
tem. We are € ever grateful to Captain Cutrell, Captain John Gill of Eastern 
Air Lines, Mr. Jenks of FAA, Captain Dave Little of American Airlines, and = 
"many others who aided in the development of this system. 
Some pilot « complaints have been expressed concerning the blinding effect 
of the flasher units low visibility ‘approaches. Normally the 


_ conditions, experience shows the number 3 position to be the most desirable 
~ with: the high intensity runway lights at the same setting or higher. +. During _ 
daylight, experience has shown the most desirable setting to be full bright for 
_ approach and runway lights. Pilots that have gained considerable ex- oe 
= in the use of the Centerline System have become accustomed to re- a 
questing the desirable settings, consistent with weather conditions and the i 


time of day. Through the media of the ALPA Tech Talk for pilots | this ex- a 


Comter Line Systems are commissioned on their routes structures. 45 3s a? ie 
wal ‘The runway visual range program is presently in operation at Idlewood, 
_ Newark, Los Angeles, and Washington. Some 25 other locations are a 
grammed for installation in the near future. ™ spproval of RVR as a low a 


High Intensity Runway Lights feet longitudinally for RVR 


a less than 2,600 feet and 200 feet longitudinally for RVR of 2, 600 fe feet. et. (Pres- aint 
Newark 1s he only airport approved for 2,000 
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= 
“a” “Approach ch Lights with th Sequence F Flashers 


| 4. Transmissometer Control Tower 


5. 'TSO-N10A runway paint 


6. ‘Two ‘Compass Locators 


Pilot experience with RVR has comments indicate that 
_RVR is usually greater than reported, especially during night operation with | 
no precipitation. During precipitation, experience has shown that RVR is | i 
generally the same as reported for “hight operation, and slightly less than re- 
ported during daylight hours. + 

_ The ALPA Lighting Committee has been active in evaluation of the Narrow 0 
Guage Runway Lighting System, the final phase in the approach to all weather 
flying. To ‘date, this committee has evaluated the open grid, flush type, ,nar- 

Tow guage ‘runway center-line system, commonly known as ELFAKA, and 4 
found them to be excellent. ‘This type lighting will enable “ag pilot to safely <a ? 

Qn November 18, 19, 1958, the ALPA Committee were on hand at the I IES og 
Meeting: * Dow Air Force Base, Maine to further evaluate the “ELFAKA” om ch] 
system. Under extremely poor ‘weather conditions, they reported military 
aircraft from the dl ‘52 to the F-104 made successful touchdowns in a 


guidance for the balance of the landing roll. _ mig ke 


ey). 
Recently, the ALPA Lighting Committee has received information ona 


new narrow guage lighting system called the Prismatic MC2 System. te ; 


lighter « centerline, “commencing where the narrow guage stops, to Provide | 


the ALPA Committee has not participated in the test installation at Atlantic 
City, the Association does not favor installation until thorough evaluation has has 

been made for its members 

» Information regarding the MC2 has been brought to the attention. of ie 

Washington Office, indicating due to the protrusion of some 1/2 to 3/4"’ above | 
the runway surface of this unit, that objectionable | vibration of the nose-wheel — 
and instruments may be encountered, also there may be a snow removal | 


problem during the winter months, 
” In conclusion, the Association favors a grid protected, flush, narrow-guage 


| line to the installation programmed for 
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THE AIRPORT OPERATOR IN THE JET AGE 


_-‘There are over 7 ,000 airports in the United States today of which about es 
7 3,060 are publicly owned and available for public use. Most of these airports: 

_ serve general aviation exclusively, however, since air carriers utilize only ci 
about 550 of the Nation’s airports. _And of these : airports served by : air car- 
_ riers, the FAA classifies only 163 as “air traffic hubs.” To be classified as : 
a a “hub” a community must produce more than 5/100 of one percent of the 
Nation’s -enplaned airline Passengers. Last. year this meant at least 22 000° 
os __ These 163 “hubs” handle over 95 percent of the Nation’s enplaned sched- 


_uled air carrier passengers and are further subdivided as follows: es 
¥ a 22 large hubs - that is, the cities enplaning over 1 percent of the Nation’ s 


42 medium hubs which enplaned 1 between 110, 000 and 440, 000 passengers 
“hast year or, wise, from 1/4 to 1 percent of the ‘Nation’ 
‘small hubs, , or those communities enplaning less than 1/4 of percent 
a more than 5/100ths, which includes those cities where from 22,000 to — 
110,000 passengers were last year. 


‘real estate for use by tenants and u: users ; with very peculiar and special : re- 
. _ quirements so that the public - local, national and international - will be ade- 
quately served with air ‘transportation, 
, mz taxpayers” are hopeful that this can be done without cost to them — and ¥ 
the users hope that it will be done without 
b. For ' these, among other reasons, the airport operator i in the jet age is 
faced with many complex problems. For convenience I will discuss them > 
under four main categories of functions and responsibilities of the airport 
Briefly these fonctions may be described as follows: 


Note: open until December 1, 1959. To extend the closing date one month, 
ms a written request must be filed with the Executive Secretary, ASCE. - Paper 2123 is " = 
part of the copyrighted Journal of the Air Transport Division, ‘Proceedings of the i: 
iho Society of Civil Engineers, Vol. 85, No. AT 3, July, 1959. 
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d. Public Service 
The first two of these functions are not too dissimilar from the well- 
‘recognized property development and property management functions in the ; 
_ business world. The aeronautical specialist function is one which differenti- 


ates an airport operator from a shopping center or an apartment development | 


_ operator; and the public service function 0; of f the airport operator is the one 


Property Development | 
. The property development function is one in which the airport operator — _ 


relies heavily on the m master - er-planner, the architects and engineers, the 
‘financiers and the big construction outfits. Current estimates put the capital ; 
investment in airport f facilities in this country somewhere between $3 and $4 
‘ billion, and the most recent national survey by the Federal Aviation Agency 
estimated that over a billion dollars of airport development is taking place si 
needed within the next four years. ‘This development of thousands and 
. thousands of acres of land to accommodate today’s airplanes as well as to- 
_ morrow’s, involves profound decisions - both with respect | to the physical de- 
a velopment of the property as well as the raising of ‘capital. To ) assure that 
the capital invested will not be jeopardized by technological obsolescence, 
, and to assure that it has a chance of some degree of self-support, the master- 


1) Perhaps the greatest single problem today in this properte development 
function is that of financing. The general obligation bond which commits the | 
pe full faith and credit of tiie community to provide the funds for airport develop - 

, - ment is gradually becoming less appealing to the taxpayers ‘and more empha- 
sis must be put on other forms of capital. 
‘The huge capital improvement programs needed at most t airports | are be- - 

yond the capability of the local communities to provide alone. Consequently, “3 
the Federal Aid to Airport Program must be continued to get the airports fits 
some the hump” in these major capital improvement programs. Although | 
some people erroneously believe that the Federal Aid Program contributes 
to the maintenance and operating costs of airports, I am sure that this Lett 
sophisticated audience realizes that Federal funds are only available for 
= apital improvement expenditures; and that, although the Federal Government 
_ May participate up to 50 percent in some projects (which has brought about 
the so-called 50. -50 way to describing the program), the fact a of the matter is — 4 
; that as as the size of the .e airport project inc: increases in total amount, historically a 
pee _ the participation by the Federal Government has been smaller in percentage 
In absolute dollars, however, it is just as essential to get 10 to 20 percent — aa 
Federal aid in a large project as it is to get 50 percent Federal aid in a small 
— There is currently pending before the Congress, awaiting action by a 
conference between the House and the 1e Senate, ar an ‘airport bill which was A 


passed by the Senate int the total : amount of $465 million for a four-year — Nn 
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period, and _ the House in the total amount of $297 million for a four-year 
period. This money difference, together with the eligibility of terminal and 
other buildings, comprise the two ‘principal issues in these versions. . The es 


total only $200 million for a four-year period. Although no formal date had 

been set for the Conference Committee to meet, it is expected that they will 

% ed ‘so in the very near future, and we . sincerely hope that the President will 

ace fit to sign into law the fruits of their labor. 

2 Ih addition to general obligation bonds and Federal aid, other forms of © ie § 
_financing include revenue bonds, about which y you heard something this | morn- 
“ing. Tenant financing and bank loans are other forms of financing which are 2S | 
used various forms for ‘Rangare and other aspects of airport 


< 2) ‘The other main iaeitiiads in the pro property development function is that of _ 4 
trying to ag es the long- range land use, economic and technological de- 


possible - in a preparing , master plans for future expansion of present facilities 
and the location and construction of new ones. Civil Engineers can, and do, 
render a real service in this field. 

To help both of us, however we need much more research in aeeaineieias : 
We} need to know more about the placement of one or more airports ” 


serve a community or region; the relationship between airport con- 


| on of new air vehicles and refinements of old o ones. 
_ The FAA Office of Plans and Requirements as well as in their Bureau of 


Research and Development are beginning to take hold of some of these prob- oa 


lems, but the ASCE, the Universities, ‘others can all | help. 


The property management function of : airport operators ae many things 


in common with the management of an office building, | an apartment building, 
a shopping center, and the like. In addition to maintaining and operating the a 
premises in good condition, the property management functions include the — 
vital matter of and revenues. Iti is basical- 


maintain and their facilities, perhaps the ‘Most critical and time 
consuming problems come in the revenue and expense area of their property 

As mentioned earlier, most airports served | by the airlines and used a “ ne 


general aviation are publicly owned and operated. The airport operators have a Ss 


wits a moral and cape a man requirement to operate their fields ona a 


4 


revenues to set up a reserve for to pay the interest and amor-— 


iE. the debts; and over and above that, as any good businessman knows, ‘it is i) 

necessary to acquire enough surplus to provide for the huge capital invest- 

‘ments that are necessary to cupend existing facilities and provide new aval —- 


the airport both today and in the future. 
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t is for this reason » that the revenues comatitutes 
greatest problem confronting airport operators in their role as property | . 


_ Revenues | are produced from landing o or use fees, hangar rentals and fixed 

“base services, terminal area services and from industrial and other non- 

Bi ssan:csnioch activities at the airport. Many airports are still laboring under rT 
——— with users which date back ten, twenty and even thirty or ‘more | 
years at very low rates and with little or no chance of re-negotiating those © 

_ contracts to provide a more favorable rate of return. . Although sometimes — 
= spokesmen might imply that landing fees are exhorbitant, the fact of PM 
the matter is that last year landing fees cost the airlines less that ONE Yo 
out of each dollar of gross operating revenue. 


it also involves negotiations with the 


‘Thus, the airport operator finds himself spending a great deal of time as ~ 


i... property manager dealing with the airlines, the concessionaires, the oe 
Federal Government tenants, the industrial tenants and the other airport 

= users, all of whom are extremely important to the airport and all of whom | 
“should contribute their fair share to the provision and arene of this | 


* 


The third function and responsibility of ‘the operator is is ‘that 
_ being an aeronautical specialist. . No other landlord or property developer © 
Ae has the kind of peculiar r requirements of tenants - /- that airport operators do. 
. _ There is no other form of transportation that has experienced the radical 
 — that we have seen in | aviation in just a little over a decade. = 
For inst 
& the 1,000s of pounds fo currently flying airplanes of 150 tons. Speakers on § 
- this program as well as others freely predict air vehicles in civil transport 
-_- service weighing 250 tons within the next five to ten years, and aircraft of nal 
that size are already operating inthe military service. 
a ny _ We have also seen airplanes go from those carrying from 10 to 20 passen- 
gers to present planes which will carry in the ‘neighborhood of 125 to 180 and 
we have every reason to believe that aircraft reper from 200 to 300 will © 
be out of the question in in the next decade. 
9 aan Speeds of aircraft have g gone from about 100 miles an hour to just under | 
the speed of sound for some of the newest transport aircraft. There are cur- | 
" rently flying military aircraft, however, which operate in the Mach 2 and 
in a. Mach 3 range of up to 2,000 miles per hour; and representatives from the | 
i _ manufacturers very matter of factly tell us that the transport of 1970 for — ie 
long- range ¢ operations may well be the Mach transport which flies from om 
San Francisco to New York in about an hour and a half. 45 pale OOP Sonal 
a  - have seen runway lengths go from approximately 2,000 feet to 2 miles; 4 
and we like to think that this continuation of runway lengths is not going on bid 
- forever. We have had some of our greatest encouragement in this regard | 
from recent remarks by the Federal Aviation officials. At the 


| that 
om 
— 
— 
bala 
not 
jacent to the building which provide a high percent of airport revenues. They | 
involve negotiative contracts with, and keeping happy dozenc of tonante who life 
san 
nian 
q 
coo 
AVi 
abi 
ee 
po} 
bet 
ms 
to. 
ch 
| 
d 
£ 
C2 
de 
it 


To 


Cooper, Assistant for Plans and Requirements, | told our group 
pave that it is time for an abrupt halt in the ever-increasing requirements for - 
ii concrete that are brought about by each new group of airplanes. _ Administra- 
ixed | tor Quesada said essentially the same thing in Washington last week when he 
.  § said that “cities cannot be expected to go on extending the size, length ; and — oe 
Clie thickness of airport runways to accommodate bigger, faster and heavier air- | 
a “planes.” And perhaps even more significant is the statement by the Senate 
7 “Seaewehen and Foreign Commerce Committee of the 86th Congress, in their 
a "report on the Federal Airport Act, that “the jet age revolution in aircraft de- — 
of a sign and characteristics has brought with it the now vital problem of assur- _ 
ie i: that airport facilities and aircraft requirements are kept realistically in 
aon balance... itis time that aircraft be designed to fit the airport system and ~ 
They = One. of the aeronautical phenomenon that complicates the airport operators” 


life greatly is that all of these transport aircraft, plus personal and business — 
planes, old and new, are still flying, and all of them : seem to want to use the Gl 


bal In the next decade we expect to see great strides in VTOL and STOL tech- 
niques; in “aerial buses,” “aerial trains,” and eventually space ports. A Es x 
complicating feature in these developments, however, is the fact that the mili- - 

_ tary and high government policy determine to a large extent the technical de- 7 
velopments of the aircraft and the fiscal policies of the air transport system. — 
Thus, the stroke of a pen in ee can shatter the best — plans of air-— 


further complicating fact is that civil and military users different 
at the same airports. There is also the not-so-small matter of a 
coordinating United States requirements with those of the International Civil 

_ Aviation Organization which now includes over 75 nations of the free world. ae 


‘abreast 0 of aeronautical developments, however, i is the historic lack ‘of “sys- ae 
| tems approach” to the development of the aircraft, the airways and the air- eo 
ports. _ We in the AOC have advocated for some time now that there must be 
better coordination and better integration of planning between the aircraft - 
_ manufacturer, the aircraft operator and the ground facility providers a " 
eliminate much of the inefficiency in both the government and the industry. Bi 
it is a matter which ideally should be done voluntarily but, lacking that, ona ; 
_ government regulation or even legislation may be required. We believe we ie a 
Y see some signs of better integration under the FAA, but it is alittle tooearly 1 


to judge ge exactly hc 
_ Thus, perhaps the most difficult problem confronting the airport operators = 
in this technical field is that of staying abreast of the technical aS 


4 
iles; The category of the airport | operator’ function and re Tre 
yn mee sponsibility is that of rendering a public service. Like all forms of common bes: 5 


dering as service to the public. . An airport, like an airline, exists to contribute 
_its part of the air transport system which makes possible a strong national —__ 7 a 


carrier transportation, air transportation’s reason for being is that of rite 
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economy and a defense. An outstanding service to the public A 
is now air and it is capable of doing an even 


_ from many sources; na airport operators we are therefore seek 


ing the most efficient management organizations that we can. This manage- 
} a > ment should be capable of producing the best kind of service to the public at bs 
_ the lowest cost to the users and preferably \ without cost to the taxpayers. Bee 04 
4 Airports are presently operated by several different forms of management 
entities. _ The most direct and the simplest of these is the corporate type a 
: oe which is self-contained both as to ownership and operation. 7: Lockheed Air od 
y Terminal at Burbank, California, for instance, is an example of private enter- 
— ‘prise ownership and operation of airports. Closely allied with this form of _ 


Terminal, Inc. 1c. and the Airlines National Terminal Co. at Willow 


Run Airport, Detroit. In each of these cases the ae is owned by a a public. 


which decisions can be arrived at without referral to political groups, is that 
of the airport board, airport authority or post authority which is set up either 
to operate : an airport exclusively or to operate airport facilities together with 
o other transportation facilities. Examples of these would be the Louisville _ 
and Jefferson County Air Board in Kentucky, the Port of Seattle or the neg 7 a 
_ of New York Authority, which can borrow money on their own and operate _ 
generally along the lines of a private corporation. = 
‘The next form of management and operation of airports which involves i 
more direct political control is that of a Department of Aviation within a 
x ° ‘municipal or county structure. Although not autonomous, the Department pot 
7 Aviation i in | those communities having this form of management, ‘Operates — 


tegration of the long-range capital improvement 

af ‘The earliest, and still the most widespread management form among ' 
— medium and smaller size communities, is that of airport operation as a part J 
of the department of public works, public parks, streets or the like. In In those 

ne cases, budgets and decisions relating to the operation of the airport must be | 
"blended with those of other functions performed in that department, and these — 

Ae 3 turn must be integrated with the overall municipal or county functions. = 
ie Regardless of the form of management organization, however, those public. 
officials involved in the airport operation are probably unique in that there _ 
are perhaps no other public officials who need to know so much about so aot h 


non-governmental functions as these airport Officials. 


_ the national and the international air transport system. “ fulfill sigh sel 


_ tions and responsibilities in this important role we must be technically right 
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is indicated by an abbreviation at the end of each Paper Number, the to: 
‘Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- — 
 draulics (HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 

_ Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors 


4 P "with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To ! 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating 
‘ me issue of a particular Journal in which the paper appeared. For example, Paper 1859 is identified as 4 


1859 (HY7) which indicates that the ager is See a the seventh issue Journal of the Hydraulics ee 


1701(8A4), 1702(SA4), 1703(SA4), 1704(SA4), 1705(SA4), 1706(EM3), 1707(ST4), 1708874), 1709(ST4), 1710 


(ST4), 1711(ST4), 1712(ST4), 1713(SU2), 1714(SA4), 1715(SA4), ANITBAM), 1nd 


-1720(SU2), 1721(ST4)°, 1722(ST4), 1723(ST4), 1724(EM3)° 


(STS), 1759(STS), 1760(STS), 1761(STS), 1762(STS), 1763(ST5), 1764(STS), 1765(WW4), 1766(WW4), 1767 


1776(8A5), 1777(SA5), 1778(SA5), 1779(SA5), 1780(SA5), 1781(WW4), 1782(SA5), 1783(SA5), 1784(IR3)°, 


1797(HW3), 
1799(HW3), 1800(HW3), 1801(HW3), 1802(HW3), 1803 (HWS), 1804(HW3), 1805(HW3), 3 


1807(HY5), 1808(HY5),  1809(HY5), 1810(HY5), 1811(HY5), 1812(SM4), 1813(SM4), 1814(ST6), 1815(ST6), 
‘ 1816(STS), 1817(ST6), 1818(ST6), 1819(ST6), 1820(ST6), 1821(ST6), 1822(EM4), 1823(PO5), 
1826(SM4), 1827(8T6)°, 1829(HW3)°, 1830(POS)*, 1831(EMA)*, 


1833 (HY6),  1834(HY6), 1895(SA6), 1896(ST7), 1837(ST7), 1838(ST7), 1839(ST7), 1840(8T7), 


3 1841(ST7), 1842(SU3), 1843(SU3), 1844(SU3), 1845(SU3), 1846(SU3), 1847(SA6), 1848(SA6), 1849(SA6), 1850 
AB), 1851(8A6), 1852(SA6), 1853(SA6), 1854(ST7), 1855(8A6)°, 1856(HY6)*, 1857(8T7)°, 1858(su3)° ‘ 


1859(HY7), 1860(1R4), 1861(1R4), 1862(IR4), 1863(SM5), 1864(SM5), 1865(ST8), 1866(STS), 1867 
(ST8), 1868(PP1), 1869(PP1), 1870(PP1), 1871(PP1), 1872(PP1), 1873(WW5), 1874(WW5), 1875(WW5), 1876 
(WW5), 1877(CP2), 1878(ST8), 1879(ST8), 1880(HY7)°, 1881(SM5)°, 1882(ST8)°, 1883(PP1)°, 1884(WW5)°, 

1886(PO6), 1888(PO6), 1889(PO6), ‘1890(HY7), ae 


1900(HW1), 1901(HY1), 1), 1903(HY1), 1904(HY1), 1905(PL1), 1908(PLI}, 1907(PLI), 1908(PL1), 
1909(ST1), 1910(ST1), 1911(ST1), 1912(ST1), 1913(ST1), 1914(ST1), 1915(ST1), 1916(AT1)°, 1917(EM1)°, 


1920(PL1)°, 1921(SA1)°, 1922(ST1)°, 1923(EM1), 1924(HW1), 1925(HW1), 1926 


(PLA), 192! 1927 (HW), 1930(8A1),, 1982641). 


1941(8T2), 1942(8T2), 1943872), 1944(ST2), 1945(HY2), 1946(PO1), 1947(PO1), 1948(PO1), 1949(PO1), 
1951(SM1)°, 1952(87T2)°, 1953(PO1)°, 1954(CO1), 1965(CO1), 1986(CO), 1957(C01), 
MARCH: 1960(HY3), 1961(HY3), 1962(HY3), 1963(IR1), 1964(IR1), 1965(1R1), 1966(IR1), 1967(SA2), 1968(SA2), 


1978(WW1), 1980(WW1), 1981(WW1), 1982(WW1), 1983(WW1), 1984(SA2), 1985(SA2)°, 1986 
APRIL: 1990(EM2), 1991(EM2), 1992(EM2), 1993(HW2), 1994(HY4), 1995(HY4), 1996(HY4), 1997(HY4), 1998 
(SM2), 1999(SM2), 2000(SM2), 2001(SM2), 2002(ST4), 2003(ST4), 2004(sT4), 2005(ST4), 
(ways, ‘2008(EMz)°, 2000(8T4)*, 201 2010(5M2)°, , 2012(HY4)®, 2013(PO2)*. 


MAY: 2014(AT2), 2015(A72), 2016(AT2), 2017(HY5), 2018(HY5), 2 2019(HYS), 2020(HY5), 2021(HYS), 
2023(PL2), 2024(PL2), 2025(PL2), 2026(PP1), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 2031(SA3), 


‘= 1768(WW4), 1769(WW4), 1770(WW4), 1771(WW4), 1772(WW4), 1773(WW4), 1774(IR3), 1775(IR3), 


x 


2032(SA3), 2033(SA3), 2034(STS), 2035(STS), 2036(STS), 2037(STS), 2038(PL2), 2039(PL2), 


: 2048(CP1), 2049(CP1), 2050(CP1), 2051(CP1), 2052(CP1), 2053(CP1), 2054(CP1), 2055(CP1), 2056 


YS), 2057(HY6), 2058(HY6), 2059(IR2), 2060(IR2), 2061(PO3), 2062(SM3), 2063(SM3), 2064(SM3), 2065 


2066(WW2), 2067(WW2), 2068(WW2), 2069(WW2), 2070(WW2), 2071(WW2), 2072(CP1)°, 


JULY: 2079(HY7), 2080(HY7), 2083 (HY), 2084(HY7), 2085(HY7), 2086(SA4), 2087 


<aen (SA4), 2088(SA4), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2093(EM3), 2094(EM3), 2095(EM3), 2096 


(EM3), 2097(HY7)°, 2098(SA4)°, 2099(EM3)°, 2100(AT3), 2101(AT3), 2102(AT3), 2103(AT3), 2104(AT3), tt” 


2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2109(AT3), 2110(AT3), 2111(ATS), 2112(AT3), 2113(AT3), 
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